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INFORMATION CONCERNING GYPSUM AND A NEW 
ALL-PURPOSE BUILDING MATERIAL 


MEMORANDUM 


SEPTEMBER 18, 1952. 
To: Hon. John R. Murdock, Chairman, Interior and Insular Affairs 
Committee. 
From: George H. Soule, Jr., Committee Consultant on Mining and 
\linerals. 
Subject: Gypsum Building Material Developed by Lewis C. Karrick. 


In accordance with vour request, | have gathered and studied mate- 
rial pertaining to the all-purpose calcined gypsum aggregate building 
material developed by Mr. Karrick, and to gypsum in general, with 
the possibility of utilizing this new buil ling material for the construc- 
tion of better housing by the Indians of the United States as the 
objective in mind. Selected material on the subject is attached. 

It appears to me that this new material could be produced easily 
and cheaply under cooperative or tribal endeavor on or near many 
Indian reservations. Under such an endeavor, where each partici- 
pant would contribute his share of time required by the over-all proj- 
ect, the cash cost to each participant or to the tribe for the material 
in place ina home or other structure should be quite small. The cash 
or out-of-pocket cost probably would entail little more than (1) the 
initial cost of a small, relatively inexpensive processing plant which 
would be amortized over a period of years; (2) one or more trucks; 
(3) a few items of mining or quarrying equipment; (4) maintenance 
and repair to equipment not performed by participants; and (5) oper- 
ating supplies. 


GYPSUM DEPOSITS ON INDIAN RESERVATIONS 


Attached is a map showing the Indian reservations of the United 
States on which the approximate locations of the principal gypsum 
deposits have been marked by the United States Geological Survey. 
This information is based primarily on data obts lined from a bulletin 
published by the United States Geological Survey 32 years ago. Con- 
sequently, there probably are many deposits locate d on or near Indian 
reservations which are not shown on this map. For example, you 
have visited and have obtained samples from a gypsum deposit on 
the Colorado River Indian Reservation, and have obtained samples 
from a gypsum deposit on the San Carlos Indian Reservation in 
Arizona, which deposits are not shown on this map. 
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FREE USE OF PATENTS BY INDIANS 


As you wish to have a committee print made of useful information 
pertinent to the subject, there is attached a copy of the letter recently 
submitted to you by L. C. Karrick in which he offers the Indians of 
the United States free use of the patents covering the new building 
material and method of manufacture which he developed. 


SCHEMATIC DRAWING OF PORTABLE PLANT 


Mr. P. B. Eckels who now is in the organization of a large rubber 
company and who has had many years’ experience in the design of 
mining, milling, and other machinery kindly supplied the attached 
schematic drawing of a 2-ton per batch portable gypsum calcining 
plant for producing the material covered by Mr. Karrick’s patents. 
There also is enclosed a letter of transmittal from Mr. Eckels. 

Mr. Eckels estimates that the portable calciner shown in his drawing 
would not cost more than $12,000 to $15,000 at this time and that a 
semiportable plant built on a hillside so as to obtain the benefits of 
gravity flow would eliminate the trailer, conveying equipment, and 
other items, and probably would cost half as much, or $6,000 to $8,000. 

Two hours are required to completely calcine a batch of raw gypsum 
crushed to pass through a three-fourths-inch screen. Therefore, this 
2-ton calcining plant would produce an average of 1 ton per hour of 
completely calcined gypsum aggregate or pebbles. By calcining the 
raw gypsum for 1 hour a partially calcined product of a lower com- 
pressive strength is obtained, as is shown in table 2, specimens C7, 
C8, and C9, of the attached Bureau of Standards report. I should 
think that partly calcined aggregate which, when cast into blocks, give 
compressive strengths of 480 to 590 pounds per square inch would be 
adequate for the purpose, in which case, a 2-ton calciner such as 
that designed by Vr. Eckels would produce 2 tons per hour. The 
crusher, boiler, screens, and hoppers should readily serve a second 
rotary calcining unit in the semiportable plant referred to here. 
Therefore, the addition of a second rotary calcining unit should 
double the capacity of such a plant without greatly increasing the cost. 


MANUFACTURE AND USE 


Many Indians have worked in the mines. Participants with such 
experience could easily mine or quarry the rock gypsum. 

Operation of a small calcining plant, which probably would require 
two or three men per shift, could be carried on by participants ex- 
perienced in handling machinery after being given a short period of 
training in the use and care of the equipment and in the proper forming 
of the gypsum blocks. 

The construction of homes and other small structures, and the 
maximum utilization of gypsum in such construction should be mas- 
tered by the Indians without difficulty once they are given proper 
instruction and information in regard thereto. 

One of the advantages claimed by Mr. Karrick for this new material 
is that no mortar joints are needed, and, therefore, that one does not 
need the experience of a mason in order to lay the blocks. This would 
require (1) that the molds be made with great care so that each block 
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is true and exact and has identical dimensions; (2) that the first 
course of blocks be laid with considerable care so that the course is 
true and level; and (3) that each joint be clean and free of any par- 
ticles that would interfere with the proper laying of the blocks. 


BUREAU OF INDIAN AFFAIRS 


Much could be done by the Bureau of Indian Affairs at a relatively 
small cost to help the Indians obtain a good start in the use of this 
building material. 

Further determinations as to the maximum utilization of this 
material in small-home construction should be made. Simple in- 
structions and specifications must be worked out for each application. 
Designs of homes and other structures of simple construction, adapted 
ta the use of this new gypsum material and to the needs and desires 
of the Indians should be prepared for their use. It probably would 
be necessary to furnish some training and guidance by demonstration 
in the construction of homes made of this new material during the 
initial stages of a cooperative or tribal endeavor. 

The Bureau of Indian Affairs should be able to provide this assist- 
ance if it chose to do so. In fact, the Bureau could be expected to 
welcome the opportunity and challenge presented by this new building 
material. However, a desire and determination to succeed, coupled 
with creative and technical abilities, on the part of those who might 
be assigned to such a project would appear to be essential for the 
ultimate success of such an undertaking by the Bureau. 


NATIONAL BUREAU OF STANDARDS REPORT 


There is one serious deficiency in the Bureau of Standards report. 
Analyses of the materials used, which are essential information in all 
determinations of strength and other properties of materials of this 
nature, were not made or reported by the Bureau. The fact that 
anhydrite and other undesirable materials which lower the strength 
of gypsum materials generally occur in gypsum deposits makes it 
important to know the amount of such diluent materials in the gypsum 
product being tested. Generally speaking, under identical conditions, 
the greater the amount of anhydrite present in a test sample of cal- 
cined gypsum aggregate concrete, the lower the compressive strength 
- = be obtained. 

Karrick reports that a sample of this Virginia gypsum which 
ie brake ‘ly analyzed oe the strength tests made by the Bureau 
of Standards showed a 30-percent anhydrite content. Mr. Karrick 
also points out that, oneinale to the statement in the report, he did 
not furnish the gypsum from Virginia used in the tests, but that this 
material was furnished by the United States Gypsum Co. on the 
approval of the National Bureau of Standards. 

For reasons which need not be discussed here in detail, the maximum 
pebble size ('4-inch) used in the specimens tested appears to be too 
large in relation to the size of the specimens for best results. It 
should not be overlooked that one-half or less of the diameter of the 
pebbles forming the vertical surfaces of test specimens or building 
blocks made of the subject material are not supported. This lowers 
the compressive strength in relation to the gross area. For this reason, 
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blocks of larger cross sections, using the same size pebbles, would 
have given a truer measure of the compressive strength of the material. 

By troweling or otherwise embedding calcined gypsum pebbles 
(moistened sufficiently to yield and adhere to a surface) into the voids 
between the pebbles of the vertical surfaces of test blocks or of erected 
walls and partitions, the surface and compressive strengths should be 
increased significantly and other highly desirable properties would be 
imparted. 

In conclusion, it is my opinion that the calcined gypsum ageregate 
building material developed by Mr. Lewis C. Karrick may afford 
means by which more healthful, comfortable, and attractive ities 
may be acquired by many Indians of the United States; an improve- 
ment which you have long desired to bring about. 


SEPTEMBER 38, 1952 
Hon. Joun R. Murpock, 
Cha i? man, Con mittee on Inte rior and Insular 4 | ffairs, 
House of Pe prese niatives, Wash ington 95. D. ¢ 

Dear ConGressMAN Mvurpock: Confirming past discussions with 
vou in regard to our plans for assisting the housing projects of the 
Indians of the United States, and as I have stated to the Bureau of 
Indian Affairs, | will be glad to give the Indians the free use of my 
patents on new gypsum structural products and processes for their 
own city and farm structures. 

Kor the sale of the products to other people living off the reserva- 
tions, | would want to receive some share of the profits obtained by 
the tribes or Indians who arrange with me to use the patents. 

As you know from the United States map supplied vour Washington 
office, large gypsum deposits are to be found on or near many of the 
Indian reservations. Our pilot and commercial-scale plant studies 
made at a number of State universities showed the advantageous 
uses of the new material for low-cost structures. Indian groups, with 
proper, low-cost equipment, could make this gvpsum building material 
on their reservations and build beautiful, comfortable, and permanent 
homes and other buildings with it as easily and probably more cheaply 
than with adobe or other materials. 

Very truly vours, 
Lewis C. Karrick, 
P.O. Box S09, Washington ‘ , . 


“ALABASTER” 


NAME GIVEN TO A NEW 


BUILDING 


ALL-PURPOSE, 
MATERIAL 


STRUCTURAL AND 
MADE FROM GYPSUM 











INSULATING 














(By Lewis C. Karrick, E. M., M.38., September 1952 


A new low-cost insulating structural material in various forms has 
been developed in my researches, and also the plants and processes 
for its manufacture. It has received considerable study in testing 
laboratories of leading universities, namely, the State universities of 
Utah, Minnesota, Wisconsin, Ohio, and Maryland. It can take the 
place of much of the brick, stone, cinder block, plaster, cement, 
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timber, and steel now needed in residence and other building con- 
struction. The mineral gypsum from which it is made occurs ex- 
tensively in many States of the United States and foreign countries. 

The new product can be manufactured generally throughout the 
United States from accessible natural deposits of the mineral gypsum 
and should, therefore, provide a permanent, dependable, low-cost, 
all-purpose building material. It is fireproof, moistureproof, termite 
proof, verminproof, and has excellent sound and heat-insulating 
properties. The material can be applied by anyone with average 
mechanical skill, in constructing foundations, walls, floors, ceilings, 
and roofs of residences, and on farms for silos, stock sheds, brooder 
houses, granaries, walk-in freezers, cold-storage plants, and other 
auxiliary outbuildings, also for tanks and stock reservoirs; for such 
light construction as stores, garages, tourist courts, service stations; 
and for extensive use in office and factory buildings where ‘curtain 
wall” construction is used. 

This new building material is an artificial “conglomerate stone” 
and is preferably made at the construction site from evenly sized 
pebbles of any dimension or from granules of the mineral rock gypsum 
or alabaster, which have been processed. They set quickly and bond 
together, giving any desired wall density, strength, and insulating 
qualitv. The pebbles, of any selected size, are placed dry into wall or 
block forms, in k avers, and when the water is applied the material joins 
together and sets hard in less than 1 hour. If desired, its set can be 
accelerated with common salt or een to less than 30 minutes, at 
which time the forms are reused. 

The material is manufactured preferably from gypsum rock, which 
is crushed to gravel size, and is then heated ri ipidly to certain tem- 
peretures in a rotary steam-heated pressure caleiner. This steam- 
heat treatment in the manufacture insures that all of the lumps 
receive very uniform heating and at exactly the proper temperature 
throughout, which is vital to making a de ‘pend: ably high- “quis ality prod- 
uct. This is accomplished as the lumps are being rolled and circulated 
over the steam-heated tubes inside the calciner. The result is that 
the lumps are worn sonal and all surfaces of the lumps are given the 
same texture and cementitious value. The fine material produced 
both in the crushing of the rock gy psum, and also in the attrition from 
wearing of the lumps during the calcining, is a very high grade cement 
pli ister p ossessing Sup er1Or St and- carry ing capac it V, an id has been shown 
to have better working and hardening properties than most present- 
day commercial wall plasters and molding plasters. 


DEVELOPMENT DATES FROM 1917 


These mechanical qualities of the products were determined by the 
usual ASTM methods. rushing strength determinations were made 
in the mechanical engineering laboratories at several State univer- 
sities and at the National Bureau of Standards in Washington, D. C 
Much of the research and development studies on the process, plant, 
and products, were carried out at the University of Utah as a thesis 
for cradvation in the Mining end Engineering School in 1917, follow- 
inz mv 4 vears of wors serving as chemist and superintendent of a 
evps: m-products company in Utah. 
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Then I was overseas in World War I, and on returning in 1919, I 
resumed this gypsum products study while employed in Utah in the 
, cooperative investigations of the oil shales, hydrocarbons, and coals 
of the United States by the United States Bureau of Mines and the 
State of Utah. Finally, in the period 1930-38, while supervising the 
oil-from-coal researches of students at the University of Utah, | 
simultaneously conducted extensive studies of gypsum deposits of 
the West and development work on gypsum plant, process, and 
products, as a candidate for an M.S. degree in mechanical engineering. 


PATENT COVERAGE 


Four patents have thus far been issued, namely, No. 1,897,259 
Apparatus, issued February 14, 1933; No. 1,967,029—Process, issued 
July 17, 1934, covering “exploding” gvpsum while heating in an 
electric caleiner, both of which patents are now expired. Also there 
are No. 2,274,705—Product and Method of Making, issued March 3, 
1942; and No. 2,479,576—-Apparatus for Making Building Material, 
issued August 23, 1949, which covers certain types of portable 
gvypsum-products plants. Also other patents will be filed on new 
light-weight insulating gypsum products of record which have been 
developed and for which there is a large and growing need in both 
the rural and urban areas of the United States. 


LIGHTWEIGHT STRUCTURES OF STRENGTH AND BEAUTY 


When the crushed, gravel-size gypsum is calcined to the proper 
degree it is then dropped from the calciner (a fresh charge of raw 
material taking its place) and is screened into all of the sizes suited 
to the builders’ needs. The size (between three-fourths and one- 
half inch) has been shown to be excellent when used in walls or 
blocks of above 6 inches thick, and the size (between one-half and 
one-fourth inch) for walls above 3 inches thick, and size (between 
one-fourth and one-eighth inch) for walls, blocks, partitions, or 
roof slabs 1 to 3 inches thick. The size (—one-eighth inch to 
dust) is suitable without pulverizing for wall plasters, reinforced 
roof slabs, and for molds for pottery, fresco, movie sets, and so forth. 

When this —one-eighth inch gypsum product is placed in water, in 
either a vat or a plaster mixer, the granules immediately disintegrate 
into a smooth paste, and it has been found to have superior spreading 
quality and sand-carrying capacity to many of the best commercial 
plasters. If its use required a slow or delayed set, from its 15 to 36 
minutes normal setting time of plaster of paris, then the usual 
chemical retarders in liquid form are added to the mixing water. 


WALLS FROM BLOCKS 


In erecting a wall of the sized-lump product, either the wall may be 
cast in place in successive layers, on a foundation of this same or other 
material, or blocks may be cast alongside the wall and immediately 
laid in place without mortar. The blocks of set material do not require 
aging or seasoning before installation, since the set is‘hard enough for 
safe handling of the blocks in 40 minutes; in 60 minutes it is quite 
hard; and in 24 hours, if dry, will have approached near to its final 
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greatest strength. A thin mixture of fine plaster and water of about 
the consistency of cream is painted on the contact surfaces of the 
blocks as laid, or, if the blocks are grooved, the thin mixture is poured 
down between grooved ends of adjac ent blocks. This method is 
used for the joining of many blocks at one time throughout the whole 
length of the wall. 


CASTING THE WALL IN PLACE 


The wall “forms,” say 8 inches high, and sp: ice “1 8 inches apart, are 
set in position, and are filled level full with the dry granulés, being 
careful to prevent the lumps arching against the forms and creating 
cavities. Then a gentle deluge of water is poured over the material, 
being sure that all lumps are simultaneously and thoroughly wetted. 
If blocks are being cast the form and cortents may be dipped in water 
for 5 to 10 seconds depending on the size lumps used. The excess 
water immediately runs off and the granules absorb just the amount 
of water that causes them to set: that is, return to rock gypsum, and 
bond together very solidly. This product contains no excess water 
as do all plaster mixtures. After 2 or 3 minutes the lumps will be 
found to have softened slightly and at this point the mass may be 
compacted together to any extent desired. This may be accomplished 
by sudden applied pressure or by use of vibrators 


\ HIGH-STRENGTH PRODUCT 


Many determinations have been made oo many test blocks of 
different-sized granules and densities, and from different gvypsums of 
the United States and Canada, and it has been shown that the average 
block made as described above, with no compacting or compression 
after wetting, will have a minimum crushing strergth of 350 pounds 
per square inch or 50,000 pounds per square foot. With only 15 per- 
cent compacting aiter wetting a compressive strength of 1,200 pounds 
or more per square inch can be obtained. At 30 percent compacting 
the voids between the granules will have largely disappeared and the 
strength will be well above 1,200 pounds per square inch. 

Obviously, the wall with the least compacting; that is, with the 
greatest percentage of air cells, will have the best heat and sound 
insulation properties. However, a wall composed of blocks or layers 
in which the material has been compacted 15 percent should have a 
sie papi strength equal or better than concrete masonry walls 
made of “cinder” or “cement” blocks. Also, its insulating value will 
be about the same as porous cement blocks. It should be emphasized 
that the pebbles of gypsum when set are nonporous, they do not absorb 
any water, and are as hard as the original rock. 


SIMPLIFIED CONSTRUCTION METHODS 


Movable wall forms, 8 inches high, may be placed so that they can 
be raised up 8 inches every 40 minutes after each course or layer is 
set. Also (if making blocks) the block forms may be emptied each 
40 minutes. Hence, on the job there should be ample block forms to 
turn out blocks as fast as the bricklayer or mason can put them in 
place. Two 10-inch boards, one on each side of the wall, arranged to 
slide up 8 inches as each course is laid, behind rigid guideposts, have 
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been found to be satisfactory and cheap forms for constructing a wall. 
It requires no wire ties to prevent bulging or distortion of the forms 
and uses only a small fraction of the lumber needed in the customary 
cement-concrete forms. Also, these movable forms are reused many 
times and suffer no damage after repeated uses. Well-oiled water- 
proofed lumber (or plywood) should be used for the forms that contact 
with the wet gypsum granules, and it has been found effective to 
apply soap solution or lard oil to these surfaces as the layers of material 
are placed. 

Other forms of hard rubber, plastics, aluminum, aluminum alloys 
or stainless steels, thin and rigid, are still better than those of wood, 
and may be used on many jobs. Steel forms rust quickly and will 
discolor the walls. As the walls are raised, doors and window frames 
are set in place inside the wall forms. The mass of gypsum granules 
will set around the frames and anchor them airtight and solidly in 
place. It has been found best to compact the wall material slightly 
more Where it contacts with a door or window frame, and especially 
under the bearing points of rafters, posts, floor and ceiling joists, 
thus giving added strength. Also removable inserts may be east into 
the inner surface of the wall to serve as channels or recesses for piping, 
wiring, radiant heaters, brackets for bookshelves, lighting fixtures, or 
other wall hangings. 

For rapid and low-cost construction, several types of sectional steel 
forms may be used. These can be set up and taken down quickly in 
the manner provided by the manufacturer. In some construction it 
is advantageous to pour the wall in a continuous operation, wetting 
the cementitious gvpsum gravel particles immediately as they enter 
the wall forms. Also the material may be applied to rubber “air 
forms” by the airje t or ‘‘Gunited.”’ 

When the wall is completed the plastering may be done immediately 
or at any time with equally good results, since the plaster is of the 
same chemical substance and makes a perfect mechanical and chemical 
bond. If straight forms have been used the wall surface will be per- 
fectly true so that only one coat of plaster is all that is needed on each 
surface to make a finished job. 

Since the water used in the setting process of this material becomes 
a chemical part of the finished material, it is frequently desirable to 
use water in which has been dissolved dyes of attractive colors. This 
imparts permanent tints to the walls, plain, or it may be variegated. 
Whether white or colored, close sizing of the pebbles adds greatly to 
the beauty of the unplastered surfaces; and also to the texture, appear- 
ance, and acoustic properties. It is not necessary to plaster or stucco 
both sides of a wall to make it amply strong and airtight. Walls 
with exposed small pebbles are most attractive. When the wall is to 
be covered with plaster it will be found best to use the fine (minus one- 
eighth-inch to dust) size materials for this plastering. One coat of 
plaster is ample to give a solid and true wall, which also may be 
tinted as described above with any desired color. 

In a fairly dry climate it is not necessary to waterproof the plastered 
outside walls of houses made of this material. The pebbles themselves 
are impervious to penetration of water. The plastered surfaces, neat 
without any sand, fiber, plasticizer, or other bulking ingredient, will 
have substantially permanent life where it is subjected to average 
weathering conditions. Prolonged running water against the plaster 
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or pebbles, leaky drain spouts, or flashing, can have a harmful dis- 
solving effect ultimately. There are, however, waterproofing “rubber 
base’’ paints or impregnating and sealing fillers which are available for 
use if desired, but these need not be applied for years, or until signs of 
weathering become apparent. Also a high-lime stucco may be used 
on the outer surfaces, but dolomite stueco must be avoided. 

This calcined cemetitious pebble material, screened ready for use in 
construction, weighs approximately 75 pounds per cubic foot, and when 
set and dry weighs 90 pounds or higher if compacted, as compared 
with 150 pounds for portland cement concrete. It is as light as some 
portland cement concrete containing lightweight aggregates, and 
should have universal use in all types of houses and farm buildings, 
also in office-building construction to back up the face brick, and for 
all partition walls, making lighter weight buildings. 

When used for flooring or roof slabs in residences and farm buildings 
the material is leveled off in horizontal forms, wet, and then vibrated. 
For floors it should be rolled or (preferably ) tamped solidly. When 
set and dry the floor is surfaced with a sanding machine and then ts 
given several coats of spar varnish. Linoleum may be cemented 
the drv surface, or carpets used and tacked to inset wood. strips. 
Many beautiful effects are produced if colored water is used in the 
floor, wall, and roof material. The ceiling and roof slabs are cast with 
a reinforcing of prestressed wires enclosed, the slab edges beng 
shape di to ove rlap acl): went slats. When in pls ice a thin rrouting of 
plaster is poured into the contrac ting grooves or edges of the slabs 
and, at the same time, the top surface is troweled where needed so as 
to be free from blemishes. When the roof is perfectly dry the top 
surface may be waterproofed. It may be coated with tar or mastic, 
a rubber base paint, or a w aterproof felt may be used. Forms for 
roof slabs mav be shaped so as to give the top surface the appearance 
of shingles or other ornamentation, in which case a fluid waterproofing 
is applied. 

LOW COST OF MATERIAL AND LABOR 


This new wall construction has been estimated at sites near gypsum 
sources throughout the United States to cost less than one-half the 
cost of hollow cement or cinder-block walls. The railroad, or truck 
freight, is low since run-of-mine rock gypsum is shipped to points of 
consumption where processing plants prepare the material for nearby 
use or delivery to the ultimate user by truck. This saves any cost of 
packaging, warehousing, or other handling. 

Repair work on a damaged wall or partition of this material is 
relatively simple and inexpensive as compared with repair of hollow 
walls of wood, tile, or furred cinder blocks. This wall, if desired, may 
be easily constructed with hollow blocks or ducts inside the walls, 
which will reduce the weight of material used and may add some- 
what to the economy, insulation, and other qualities of structures. 


WATER RESISTANCE 


The following data will show the exceptional water resistance of 
this new structural material and the extensive use that may be made of 
this material for exterior and other applications. 

In the 1951 edition of the Handbook of Chemistry and Physics, 
page 1470, it is shown that gypsum may be dissolved in pure water to 
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the extent of 2.23 grams in 1,000 cubic centimeters, of water at 0° C., 
and 2.05 grams at 100° C., the boiling point of water. This solubility 
is determined under laboratory conditions by using finely pulverized 
gypsum stirred in water over a long period of time so that each mole- 
cule of water comes in intimate contact with the powdered gypsum— 
a condition that would not exist when this new gypsum material is 
used for the exterior walls of buildings where it would be exposed to 
rainfall. 

Taking 2.2 grams of gypsum per liter of water as the average solu- 
bility, 1 eubie foot or 28.316 liters of pure water will dissolve 62.29 
grams of gypsum, which equals 0.1367 pounds per cubic foot water, 
under the conditions described above. Since solid rock gypsum has 
an average weight of 144.54 pounds per cubic foot, a 1-inch layer of 
the cube would weigh 12.05 pounds. Theoretically then, 10 inches, or 
0.833 feet, of rainfall per year per square foot of area, which is the 
average yearly rainfall for Arizona, would dissolve 0.1139 pounds 
(0.833 feet by 0.1367 pounds) of solid rock gypsum per square foot 
each year on the above basis of solubility. Therefore, a 1-inch slab 
of solid rock gypsum 1 square foot in area would require 105.8 years 
(12.05 pounds divided by 0.1139 pounds) to be dissolved by 10 inches 
of annual rainfall. 

Actually, a 1-inch slab of solid rock gypsum 1 square foot in area 
would have to be finely pulverized and each year’s rainfall (10 inches 
per square foot) would have to be caught and intimately nica with 
the pulverized gypsum until each molec sule of water becomes saturated 
with gypsum before allowing it to run off in order to be dissolved in 
105.8 years. Nothing approaching these conditions or rate of solubil- 
ity would be found as a result of rainfall on the walls or roofs of build- 
ings constructed of solid rock gypsum or the new gypsum building ma- 
terial described above. In fact, in an area with 10 inches of annual 
rainfall it might well require 800 to 1,000 vears or more for the rain to 
dissolve 1 inch of unprotected exterior wall or roof surfaces made of 
these materials. 

Rainfall runs off the walls and roofs of buildings immediately. The 
tendency of the film of water in contact with a solid surface to adhere 
and resist removal—called the “film factor’ or ‘skin factor’’—would 
further reduce the amount of rainfall coming in intimate contact with 
roof and wall surfaces. As a result of the rapid runoff and the film 
factor, only a small portion of the rain that falls on the walls and roof 
of a building made of gypsum would have an opportunity for dis- 
solving action. Furthermore, only a minor percentage of this small 
portion would become saturated during the contact of rain with the 
gypsum. It also should be pointed out that only a part of the average 
annual rainfall would fall on any particular wall of a building. When 
rain falls straight down or at a slight angle little or no rain would wet 
the walls of low buildings with eaves. Wind-driven rains would wet 
the walls to the windward sides, leaving the walls to the leeward fairly 
dry. 

In view of the above, it would seem probable that the equivalent of 
only 5 percent or less of the total annual rainfall of a given community 
would become saturated with gypsum dissolved from the walls of the 
buildings and possibly 10 percent or less would become saturated with 
gypsum dissolved from roof surfaces. The foregoing assumes that 
these exterior gypsum surfaces are not protected by films or coatings 
of other materials. 
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The table below is presented for purposes of comparing the theoreti- 
cal rate of solubility of a 1-inch slab of solid rock gypsum ‘under labora- 
tory conditions and the probable rate of solubility under these natural 
conditions as discussed above: 


Probable minimum time 
required to dissolve 1 
inch of unprotected wall 
surface, under natural 
conditions—gypsum in 
solid form and with im- 
mediate run-off of water 


Minimum time to dissolve 
1 inch under laboratory 
conditions—gypsum 
pulverized and in- 
timately mixed with 
water until dissolved 


Rainfall per year in inches Years Years 
10 (Arizona) 105.8 2, 116 
14. 75.6 1, 512 
20 52.9 1, 058 
36 (Washington, D. C 29.4 588 


This discussion of the water resistance of gypsum concerns the 
solubility of gypsum only and does not include the resistance of or 
the effect upon gypsum of other weathering actions to which all 
exterior surfaces are subjected, nor the effect of many protective 
paints or coatings. 


INSTRUCTIONS FOR MAKING SMALL Test OR DEMONSTRATION BLOCKS 
From CaLcinep Gypsum PEBBLES 


(By L. C. Karrick, August 1952 
GENERAL 


In casting blocks from pebble-sized calcined gypsum, various 
methods have been found to give very good results. <A satisfactory 
method is given here. 

Blocks may be made of material screened to a certain size or they 
may be made of pebbles of mixed sizes. However, the smaller the 
casting form, the smaller the size of pebbles that should be used. 
A strong, well-filled test block will not be obtained where the pebbles 
used are too large in relation to the size of the form used. For 
instance, calcined gypsum pebbles that will pass through a screen 
with | inch openings and remain on a sereen with %-inch openings 
(—1- to %4-inch size) would be suitable for casting solid building blocks 
measuring 8 by 8 by 12 inches but would be much too large for good 
results in casting a 3-inch block; while pebbles which will pass through 
a screen with %-inch openings and remain on a screen with %»-inch 
ope nings (—%.™- to %-inch size) are satisfactory for use in casting a 
3-inch block, pebbles of this size are a little too large for casting a 
2-inch block. 

PROCEDURE 


1. Coat the inside surface of metal forms with a very thin film of a 
lubricating substance to prevent the forms from sticking to the gypsum 
block. Lard oil, any soft soap, cold cream, shaving soap, etc., may 
be used. Motor lubricating oil should not be used because it will 
discolor and damage the pebble surface. 

2. Pour calcined dry gypsum pebbles into form and fill to over- 
flowing. Vibrate the form for a few seconds while pouring the 
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pebbles so as to prevent cavities from occurring by arching of the 
pebbles against the walls. Additional vibration will further compact 
the mass if it is so desired. 

3. Immerse the form and contents in water for about 5 seconds, 
remove and permit the surplus water to drain off through the perfora- 
tions in the bottom of the form. 

(Notre.—Permanent colors of attractive tints and shades may be imparted to 
the blocks by using water colored with bluing or other suitable dyes.) 

4. Vibrate again if a more compact and stronger block is desired. 
Excessive vibrations or downward pressure on the softened pebbles 
will cause the spaces between the pebbles to be filled. This will give 
a stronger block but much of the heat and sound-insulating value will 
be lost as the voids disappear, although the block density and strength 
IS increased, 

(Note.—Many studies have proved that these blocks or sections of wall are 
as hard and strong as the average brick and mortar wall even though the gypsum 
pebbles are not vibrated or pressed down in the form while either dry or wet.) 
5. Remove the block from the form after waiting at least 40 minutes, 
at which time the block will have set to a hardness which will permit 
handling. A little salt added to the water will cut the setting time 
50 percent. 


TO COAT SURFACE OF BLOCK WITH PLASTER 


The —-ineh to dust size of calcined gypsum will readily form a very 
smooth-working plaster mass without further pulverizing. It will set 
hard in about 15 minutes after the water and fine product are well 
stirred together. This plaster material will dry out to a snow-white 
color in about 24 hours and will be very hard. It will have one-half 
the strength of portland cement. 

a) Place desired amount of the —‘s-inch to dust-size material in a 
cup or bowl, add water and mix well. Continue with additions of 
water and mixing, if necessary, until the mass becomes uniformly 
plastic and is smooth-working. 

To test, place a small amount of the plastic mixture on a piece of 
glass or other smooth surface. The plaster should barely retain the 
irregular shape formed when deposited. If it slumps into a smooth- 
surfaced mass it contains too much water and it would not adhere to 
a wall. Therefore, more dry plaster material should be added until 
the proper consistency has been obtained. 

(b) Quickly scoop up the wet plaster and apply to the surface of 
the block with a spatula or other tool. 

A smooth surface may be given to the ends of a block as soon as it 
is cast and before it has set by applying plaster to the top surface 
and scraping it off even with a spatula or by pressing it down with a 
piece of glass which will cover the top of the form. To apply plaster 
to the opposite surface, place a piece of glass on top of the form and 
turn the form upside down; remove the perforated bottom; and repeat 
the plastering procedure as described for the top. 

Any thickness of plaster may be applied to the ends of a hardened 
block by first wetting the surface of the block to be coated, and then 
applying the mixed plaster as described above. 
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Patented Mar, 3, 1942 2,274,705 


Unirep Srates Patent OFFICE 
2,274,705 
BUILDING MATERIAL AND METHOD OF MAKING THE SAME 
Lewis C. Karrick, Salt Lake City, Utah 
No Drawing. Application November 24, 1937, Serial No. 176,279 
3 Claims. (Cl. 106—110) 


This invention relates to building material and methods of making 
it, and more particularly to non-conducting building material of cal- 
cined gypsum and methods of making same. 

Heretofore it has been a practice in some instances to prepare 
gypsum by finely pulverizing and subjecting it to dry heat while 
agitating it. Pulverizing has been employed primarily in order that 
the mass will become aerated and easily stirred in the mixing which 
accompanies calcination in the well-known kettle processes. Fine 
pulverizing requires a burdensome expense for machinery and power, 
and I have found that great economy is effected by eliminating pul- 
verizing and, instead, merely breaking the rock gypsum down to 
granular sizes. 

It is therefore an object of this invention to provide a method of 
making building material which will be efficient, quick, and economical 
in the pre-calcination operations. 

It i : old to caleine gypsum by subjecting it to open flame in a rotary 
kiln, but experience has est: ablished that such practice produces a 
yield of varying quality, besides frequently resulting in over-heating 
or under-heating the gypsum. In United States Patents Nos. 1,897,- 

259 and 1,967,029, issued to William Leon Ellerbeck and me, is dis- 
closed an internally heated drum wherein the powdered gypsum is 
calcined by tumbling it over tubes heated by electrical resistors. 
Recent experiments have established that better calcination is 
obtained if the heating is accurately controlled as to temperatures, 
and this is done in the present instance by heating the gypsum in an 
insulated tumbler drum having internal tubes for high pressure steam 
so that every point in the caleciner is at exactly the same temperature. 

It is another object of the present invention to provide for the cal- 
cination of gypsum material rapidly, conveniently, and under condi- 
tions which enable absolute control of the quality of the product. 

It is another object of the invention to provide a method of cal- 
cining gypsum whereby the gypsum is subjected simultaneously to 
stirring by a controlled heating member without accidental over- 
heating or under-heating of the gypsum. 

It has been observed, heretofore, that in the preparation of plaster 
with powdered gypsum, only a small portion of the mix water unites 
chemically with the gypsum, the larger proportion of the water 
evaporating from the plaster and leaving pores or voids throughout 
the body thereof. By mixing the plaster from a desired proportion 
of my granulated gypsum, I form a cellular product with no air 
pockets whatsoever in the cell walls, thereby obtaining a very strong 
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plaster. Or, by sizing the granules and using certain proportions of 
some sizes, it is feasible strictly to control the gross density and 
strength of the final product. 

In addition, it has been discovered that by pressing and/or immedi- 
ately agitating the mix after adding the water, the density of the 
final product will be substantially increased. If desired, the granular 
body may be made with large voids, as by pouring off the surplus 
water. Also, the cost of the product may be reduced by mixing in 
certain proportions of raw gypsum. 

It is, therefore, a futher object of the invention to provide a plaster 
body which will be durable, strong, and economical to manufacture, 
and a method for making same whereby the physical properties of 
the final body may be easily controlled. 

Among additions il objects of the invention are the production of a 
building body of high strength ard low heat conductivity and with 
good acoustic prope rties, requiring but a small amount of labor in its 
preparation on the job, as well as a body easily manufactured of 
several different types of gypsum. 

A substantial view of the prior art for calcination of powdered 
gypsum may be obtained by refererce to the patents enumerated 
above. Ir the practice of the present invention, the rock gypsum is 
dumped into any suitable mill and crushed to a granulated, as dis- 
tinguished from a powdered, size. This operation incidentally will 
result in the powdering of some of the gypsum, but the powdered 
portion is salvaged and utilized in accordance with the invention. 

The crushed product is then subjected to calcination ia the tumbler 
or revolving drum including internally disposed heating tubes through 
which is circulated high pressure steam. It has been found that by 
jacketing the rotary calciner with several inches of good insulating 
material, the granular gypsum is efficiently and accurately heated by 
contacting with these tubes. The precise values employed in the 
treatment may vary somewhat in relation to the properties of the 
particular material being calcined. However, I have fourd that the 
invention may successfully be practiced with a standard high-grade 
gypsum as follows: 

The steam may be heated to 67 pounds absolute (300° C.) in a 
boiler and delivered into the heating tubes without drop in pressure, 
and this saturated steam temperature has been found to be high 
enough to calcine gypsums to the ‘first sett'e” stage. 1 prefer, how- 
ever, to use saturated steam of at least 75 pounds pressure (308° F.) 
in order to obtair more rapid heating and thereby speed up the process. 
If it is desired to calcine to the “second settle” stage, it has been found 
that a saturated steam pressure of 96 pounds per square inch (325° F.) 
is adequate, although the process may be expedited if the steam is 
used at a higher pressure. In producing “‘first settle’ plaster, it is 
important to keep the steam temperature close to the final tempera- 
ture desired for the plaster product in order to avoid some of the 
g¢ypsum becoming calcined considerably beyond the half-hydrate stage 
with the well-known effects on water absorption, strength, heat of 
setting, as well as other properties of the product. However, if a 
“second settle’? product is desired, steam temperature may be con- 
siderably above that corresponding to the temperature at which this 
product is formed, since I have found that the plaster qualities do not 
change much if the temperature corresponding to ‘second settle’’ is 
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exceeded, that is until the temperature passes 400° F. Consequently, 
in producing ‘‘second settle’’ plaster, I often use saturated steam im 
the heating tubes at 200 pounds absolute pressure, which corresponds 
to 382° F. 

In the above operation, the heating by high pressure steam has 
not only been found to admit of precise control to enable a desired 
quality in the product, but it is also economical. For example, dis- 
tilled water may be used in the steam system and vaporized to form 
steam. Obviously the heat delivered to the gypsum is the latent heat 
of condensation of the steam, the water thus formed being continu- 
ously returned to the boiler wherein it is re-vaporized- as fresh steam 
for further caleining work. By thus continually re-using the distilled 
water, it is necessary at rare intervals to add fresh water to the system, 
only in amount to compensate for losses due to leakage from pipe 
joints or connections. 

In the calcining phase, therefore, no fire is brought into contact with 
any part of the calcining equipment; in fact, the furnace may be 
located at a remote part of the manufacturing plant. It will be 
observed that every point in the rotary calciner is at exactly the same 
temperature so that no over-heating or under-heating of the gy psum 
is possible. Thus the process avoids the uncertainties characterizing 
the kettle type calciner used heretofore. 

To understand the third or plaster-forming phase of my invention, 
it will be necessary to bear in mind that whereas most commercial 
gypsum plasters require between 55 and 65 grams of water to 100 
grams of plaster in order to produce the state of plasticity described 
by the American Society for Testing Materials as ‘‘testing consist- 
ency”’ (this being a consistency approximately the same as that used 
in plastering walls), the plaster in setting takes into chemical union 
only approximately 15% of its weight of water. The balance of 
the 60 parts of water, that is from 40 to 50 grams more or less, finally 
evaporates from the mass, thereby forming pores or voids in the 
product in addition to those formed by air bubbles. Because these 
voids ordinarily are evenly distributed through the mass, the result- 
ing product has many thin celled walls, causing the product to lack 
the desirable strength. var in my new composition material I do 
not avoid all air pockets, I do, however, form a cellular product which 
is entirely lacking in air pockets in the cell walls. It is also practica- 
ble, in the practice of the invention, to vary the size of the cells and 
thickness of the walls to any dimensions desired. The following 
operations have been employe ‘d satisfactorily in the production of the 
improved building material: 

The granular calcined product obtained by the steps described 
above is screened as it comes from the calciner so as to remove all 
of the finer material, such as that below 16 mesh screen size. The 
finer material thus removed has been found to mix into a very smooth 
grain-free mass which I use for wall covering or for casting. The 
dust-free granular calcined gypsum is then used to form the new com- 
position. The new composition is obtained by placing the dry ma- 
terial in molds, such as brick, block, or wall forms. Then water is 
poured into the forms so as thoroughly to wet the mass of granules. 
The mass will be found to settle together somewhat as the contact 
points of the granules soften and press together, due to the softening 
effect of the water in the voids between the lumps. Ina few moments 
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the mass sets, by which time the lumps have absorbed water through- 
out. The mass can then be taken from the molds, or the forms may 
be removed as the case may be, and the material permitted to finally 
harden and thoroughly dry out. 

The primary advantage of my new product for use as a building 
material is due to its hardness. The wetted granules take up approx- 
imately 15% by weight of water, leaving no air pockets within them, 
and thus return to the hardn ss of the original rock gypsum. The 
granules are cemented tozether at their points of contact by the 
rehydrated gypsum, the density or hardness thereof being greatest 
where the pressure is greatest, that is between the granules where the 
water is largely squeezed out of the plaster-water mixture. Obvi- 
ously this cementing zone is less dense as the distance increases from 
the center of greatest contacting area between the granules. The 
cementing film tends to eliminate the angularity of contact between 
the granules so that voids in the final mass become rather rounded. 

From the foregoing it will be observed that the method is quite 
rapid, and it requires no mixer or mixing box; furthermore, there is 
no need for installing pulverizing equipment in the plant or power 
for driving same. 

The invention is applicable to the production of building material 
to suit various specific requirements. For example, the size of the 
granules may be varied to control the size of the voids between gran- 
ules and, therefore, the gross density of the final product. I have 
found that slight agitation of the mass immediately after adding the 
water causes settling, and this will greatly increase the density of the 
final mass besides increasing the conductivity and hardness of the 
product. Conversely, the heat and sound insulating properties may 
thereby be decreased. The acoustic properties of the material may 
thereby be pre-determined with convenience and reliability. It will 
be understood, therefore, that the density or percentage of voids in 
the mass can be easily controlled for any particular job merely by 
agitating the mass, also by applying pressure after the water is added. 
Any surface voids may then be filled with finishing plaster and water- 
proofed. 

The nature of the product may also be controlled by utilizing 
for the mix carefully sized masses of the granules; and in some instances 
this may be still further employed with immedis itely pouring off the 
surplus water which has not been absorbed into the granules. This 
operation increases the size of the voids in the final product. Further- 
more, in order to reduce the cost of the finished material, it is feasible 
to substitute granules of cleansed raw gypsum for some of the calcined 
granules. Upon setting, such mixture develops a very strong bond 
between the roygh surfaces of the raw gypsum and the rehydrated 
plaster. In the latter instance, the technique may be further changed 
so as to have proportions of both raw and calcined gypsum, and in 

various screen sizes. This operation may be controlled to produce 
a dense aggregate so that when the wetted mass 1s pressed, a very hard 
flooring or block plaster is obtained. When this 1s set, dried, sanded 
down, and varnished, a very beautiful surface is obtained. The 
method has been practiced and very fine product has resulted using 
granules up to 1 inch in diameter. 
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It is obvious that various changes and modifications may be made 
in the details of steps and quantities of the above specifically described 
embodiments of this invention without departing from the spirit 
thereof, and both method and product of the present invention include 
all such changes, modifications, substitutions, and equivalents as 
come within the scope of the following appended claims. 

What I claim is: 

1. A gypsum plaster composition adapted to use in building blocks, 
bricks, walls, and ceiling fabrication comprising uniformly sized coarse 
lumps of calcined gypsum which have been rehydrated while main- 
taining the relative positions of the said lumps substantially constant. 

2. A gypsum plaster composition adapted to use in building blocks, 
bricks, walls, and ceiling fabrication comprising uniformly sized coarse 
lumps of calcined gypsum which have been rehydrated in contact with 
lumps of raw gypsum while maintaining the relative positions of the 
said lumps substantially constant. 

3. A method of forming an element of building construction which 
comprises calcining lumps of gypsum, placing the said lumps in 
position to define said element, and rehydrating the lumps while 
maintaining the relative positions thereof substantially constant. 


Lewis C. Karrick: 
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2,479,576 
APPARATUS FOR MAKING BUILDING MATERIAL 
Lewis C. Karrick, Salt Lake City, Utah 
Application March 2, 1942, Serial No. 433,064 
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This invention relates to building material and methods of making 
same, and more particularly to a portable apparatus for making a 
non-conducting building material of calcined gypsum and methods of 
making same. 

Heretofore it has been the practice in some instances to prepare 
gypsum by finely pulverizing and subjecting it to heat while agitating 
it. Pulverizing has been employed primi arily in order that the mass 
will become aerated and easily stirred in the mixing which accom- 
panies calcination in the well-known kettle processes. Fine pul- 
verizing requires burdensome expense for machinery and power, and 
[ have found that great economy is effected by eliminating pulverizing 
and, instead, merely breaking the rock gy psum down to granular sizes. 

Long investigation has brought out “the fact that the final cost of 
gypsum products is largely made up of the freight cost of the gypsum 
to the factories and of the higher freight cost on the finished products. 
In my invention I provide a simple and useful portable plant which 
can be moved to any new building site and convert run-of-mine 
gypsum into the finished products on the job, the rock gypsum having 
been delivered to the site at much less cost than is possible by the 
present practice of shipping in the same tonnage of manufactured 
gypsum products. Rock gypsum is well distributed in deposits 
throughout the United States and, therefore, is easily and cheaply 
obtained. This new low-cost heat and sound-insulating wall material 
can now be supplied for all building construction and in the present 
emergency can be used for war structures and for low-cost defense 
workers’ homes, it being both attractive and easily formed into very 
comfortable dwellings. 

It is therefore an object of this invention to provide a device for 
making building material which will be efficient, quick, and economical 
in the calcination operations. 

[t is old to calcine gypsum by subjecting it to open flame in rotary 
kilns, but experience has established that such practice produces a 
yield of varying quality, besides frequently resulting in overheating or 
underheating the gypsum. Furthermore the product is soiled by the 
products of combustion in the old kiln practice, unless low-cost gas 
heat is available. In United States Patents Nos. 1,897,259 and 1,967,- 
029, issued to William Leon Ellerbeck and me, is disclosed an in- 
ternally-heated drum wherein the gypsum is caleined by tumbling it 
over tubes heated by electric resistors, and in which apparatus the 
sudden release of steam from the rock explodes the gypsum crystals. 
Recent experiments have established that better calcination is obtained 
if the heating is accurately controlled as to temperatures, and this is 
done in the present instance by heating the gypsum in an insulated 


24448—52 











22 GYPSUM 


tumbler drum or chamber having internally-disposed tubes with high 
pressure steam so that every point in the calciner receives its heat from 
the latent heat of condensing steam and, therefore, is exactly at the 
same temperature throughout. 

It is another object of the present invention to provide for the calci 
nation of gypsum material rapidly, conveniently, and under con- 
ditions which enable absolute control of the quality of the products. 

It is another object of the invention to provide a method of calcina- 
tion whereby the gypsum is subjected simultaneously to stirring by 
tumbling, and end-to-end circulation while continuously contacting 
controlled heating members which prevent accidental overheating or 
underheating of the gypsum. 

It has been observed, heretofore, that in the preparation of plasters 
of gypsum products and water, only a small portion of the added 
water unites with the gypsum produc t in the setting, the larger portion 
of the water merely acting as a “lubricant’”’ and finally evaporates 
from the set plaster and leaves voids or pores throughout the body 
thereof. However, the plaster made from my calcined granulated 
gypsum is a cellular product due to the spaces between the lumps but 
the cell walls are very dense and have no porosity whatsoever, and, 
therefore, is a very hard and non-absorptive element. It is known 
that ordinary plaster when dry is very absorptive to water, and unless 
it is water-proofed, is not desirable for exterior of buildings. By 
sizing the granules in my product or by using certain proportions of 
various sizes, it is feasible to control the gross density and strength 
of the final product. 

In addition, it has been discovered that by pressing and/or imme- 
diately agitating the mix after adding the water, the density of the 
final product will be substantially increased. If desired, the granular 
body such as cast blocks may be made with large voids, as by pouring 
off the surplus water. Also, the cost of the product may be reduced 
by mixing in certain proportions of raw, clean gypsum granules. 

It is, therefore, a further object of the invention to provide a plaster 
body which will be durable, strong, and economical to manufacture, 
and a method of making same whereby the physical properties of the 
final body may be easily controlled. 

Among the additional objects of the invention are the production 
of a building body of high strength and low heat- and sound-conduc- 
tivity and with good acoustic properties, requiring a small amount of 
labor in its preparation and application on the job, as well as a body 
easily manufactured from several different types of gypsum. 

These objects | accomplish with the device illustrated in the ac- 
companying drawings in which similar numerals and letters of reference . 
indicate like parts throughout the several views and as described in 
the specification and pointed out in the appended claims. 

In the drawings Figure 1 is a longitudinal diametrical section of the 
main rotary tumbler or calcining chamber. 

Figure 2 is a section on line 2—2 of Figure 1. 

Figure 3 is a diagrammatic side elevation of the entire portable 
assembly showing the relationship between the rotary chamber and 
the boiler, crusher, elevator and charging bin, the discharge bin, 
elevator and several screens for final products, the power engine not 
shown, and the trailer support on which the plant is moved to building 
sites. 
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This application is a continuation-in-part of my copending appli- 
cation for patent, Serial No. 176,279, filed on November 24, 1937, 
for Building material and method of making same, now Patent No. 
2,274,705, dated March 3, 1942. 

A substantial view of the prior art for calcining gypsum may be 
obtained by reference to the patents enumerated above. In the 
practice of the present invention, the rock gypsum is crushed to a 
granulated, as distinguished from powdered, size. This operation 
incidentally will result in the powdering of some of the gypsum, but 
the powdered portion is utilized in accordance with this invention. 

The crushed product is then subjected to calcination in a tumbler 
or revolving drum which has internally disposed heating tubes 
through which is circulated high pressure steam. It has been found 
that by covering the rotary drum with several inches of insulating 
material, the granular gypsum is efficiently and accurately heated 
by contact with the he ating tubes. The precise temperatures and 
other conditions employed in the Sahadanita may vary somewhat in 
relation to the properties of the particular material being calcined. 
However, I have found that the invention may be successfully applied 
with standard high-grade gypsum as follows: 

The steam may be heated to 67 pounds absolute (300° F.) in the 
boiler and delivered into the heating tubes without drop in pressure, 
and this saturated steam temperature has been found to be high 
enough to calcine gypsums to the “first settle’ stage. I prefer, 
however, to use steam of at least 75 pounds pressure (308° F.) in 
order to obtain more rapid heating and thereby speed up the process. 
| have used 85 pounds pressure in many plant runs with excellent 
results and the calcination is completed at a rapid rate. If it is 
desired to calecine to the ‘‘second settle’ stage, it is found that a 
saturated steam pressure of 145 pounds per square inch (355° F.) is 
adequate, although the calcination may be speeded up if the steam 
is at higher pressure, likewise if the lumps are to be calcined only 
partway through. 

In producing “first settle’ plaster, it is desirable to keep the steam 
temperature close to the final temperature desired for the calcination 
of the plaster product in order to avoid some of the gypsum becom- 
ing calcined beyond the half-hydrate stage with the well-known 
adverse effect on water adsorption, strength, heat of setting, as well 
as other properties of the product. However, if a “second settle” 
product is desired, steam temperature may be considerably above 
that corresponding to the temperature at which this product begins 
to form, since I have found that the plaster qualities as regards 
hardness do not change much if the temperature corresponding to 
“second settle’ is exceeded, that is, until the temperature passes 
400° F. Consequently, in producing ‘‘second settle” plaster, I often 
use saturated steam within the heating tubes at 200 pounds pressure, 
absolute, which corresponds to 382° F. 

In the above operation, the heating by high pressure steam has 
not only been found to admit of precise control of the temperature 
and of the final product, but it is also economical. For example, 
distilled water is actually used in the steam system. Obviously the 
heat delivered to the gypsum is the latent heat of condensation of the 
steam within the tubes, the water thus formed by the condensing 
steam being continuously returned to the boiler wherein it is re- 
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vaporized as fresh steam for further work of calcination. By thus 
continuously re-using the distilled water, it is necessary at rare inter- 
vals to add fresh water to the system, and then only in amounts to 
compensate for losses due to leakages from pipe joints and connections. 

In the calcining phase, therefore, no fire is brought into contact 
with any part of the calcining equipment; in fact, the furnace and 
boiler may be located at a remote part of the plant or may be out of 
doors. It will be observed that every point in the rotary calciner is 
at exactly the same temperature so that no over-heating of the gypsum 
is possible. Thus the process avoids the unc ertainties charac terizing 
the kettle type calciners. 

In order to understand the third or plaster-forming phase of my 
invention, it will be necessary to bear in mind that whereas most com- 
mercial gypsum plasters require between 55 and 65 grams of water to 
100 grems of plaster in order to produce the state of plasticity de- 
scribed by the American Society for Testing Materials as “testing 
consistency”’ (this being a consistency approximately the same as that 
used in plastering walls), the plaster in setting takes into chemical 
union only approximately 15 percent of its weight of water. The 
balance of the original 60, more or less, parts of water, that is from 
40 to 50 grams, finally evaporates from the mass, thereby forming 
pores or voids in the product in addition to those formed from air 
bubbles. Because these voids ordinarily are evenly distributed 
through the mass, the resulting product has many thin celled walls, 
causing the product to lack the desirable strength. While in my 
invention and new composition I do not avoid all air pockets, I do, 
however, form a cellular product which is entirely lacking in air 
pockets within the cell walls. It is also practicable, in the practice 
of my invention, to vary the size of the cells and the thickness of the 
walls to any dimension desired, by proper sizing of the gypsum gran- 
ules and/or by pressure on the wetted material after it is placed in the 
wall or block forms. ‘The following operations have been employed 
satisfactorily in the production of the improved building material: 

Granular calcined product obtained by the steps described above 
is screened as it comes from the calciner so as to remove all of the finer 
material, such as that below 8 or 16 mesh screen size. This fine 
material thus removed has been found to mix into a very smooth 
grain-free mass which I use for wall covering or casting plaster. The 
dust-free granular calcined gypsum is then used to form the compo- 
sition. The new composition is obtained by placing the dry material 
into moulds, such as brick, block, or wall forms. Then water is 
applied by pouring it over the mass so as to thoroughly wet the mass 
of granules. The wetted mass will be found to settle together as the 
contacting points of the granules become wet. In afew moments the 
mass sets, by which time the lumps or granules have absorbed water 
throughout. Prior to setting the mass should be pressed if it is 
desired to increase the density of the mass. When setting bas pro- 
gressed about thirty or forty minutes the blocks can be removed from 
the forms or the wall forms may be removed, or raised and another 
layer of the material placed in the wall forms. The material quickly 
reaches a safe load-bearing strength. . 

The primary advantage of the new product is its insulating property 
and hardness. The wetted granules take up only fifteen percent of 


their weight in setting, as compared with the 50 to 60 percent of water 
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needed in the mass of pulverized plasters which leaves the latter 
product relatively soft. My product is, therefore, composed of lumps 
or granules solidly joined together and of substantially the hardness 
of rock gypsum. The granules are cemented together at their points 
of contact by the rehydrated gypsum, and the density and hardness 
of the bonds being greatest where the contact is best and where the 
pressure is greatest, that is between the granules where the water is 
largely squeezed out of the plaster-water contacts. For best rigidity, 
ther refore, the mass should be agitated or pressed slightly only, “unless 
a dense mass is desired in which case greater pressure is used. Obvi- 
ously this cementing zone is less dense as the distance increases from 
the center of the contacting area of the adjacent granules. The 
cementing film tends to eliminate angularity of contact between the 
granules so that the voids in the final mass become rounded. 

From the foregoing it will be observed that the method is quite 
rapid, and it requires no mixer or mixing box on the construction job; 
furthermore, there is no need for installing pulverizing equipment in 
the plant nor power for running same. 

The invention is applicable to the production of building material 
to suit various specific requirements. For example, the size of the 
granules may be varied to control the size of the voids between gran- 
ules and, therefore, the gross density of the final product. I have 
found that slight agitation of the mass immediately after adding the 
water causes settling, and this will greatly increase the density of the 
mass besides increasing the heat and sound conductiv ity and hardness 
of the product. Conversely, the heat and sound insulating properties 
may thereby be pre-determined with convenience and reliability. It 
will be understood, therefore, that the density or percentage of voids 
in the mass can be easily controlled for any particular job or product 
merely by agitating the mass, also by applying pressure after the water 
isadded. A wall may be varied in density at different points to advan- 
tage, for instance next to door frames where the jar of slamming 
doors might cause the wall to crack, or over windows and door and to 
form window ledges, and in buildings where the walls are required to 
support heavy loads and in present practice pilasters are used. In the 
latter instance I merely press the material into a more dense element 
where the pilaster would be required and thus obviate the need for 
irregularity in wall thickness caused where pilasters are used with 
other materials. 

The nature of the product may also be controlled by utilizing for 
the mix carefully sized masses of granules; and in some instances this 
may be still further employed with a desirable effect on the product 
by immediately pouring off the surplus water which has not been 
absorbed by the granules. This operation increases the size of the 

voids in the final ‘product and yet leaves a solid bond or contact be- 
tween the granules. And furthermore, in order to reduce the cost of 
the finished material, it is feasible to substitute granules of cleansed 
raw gypsum for some of the calcined granules. Upon setting, such 
material developed a strong bond between the rough surfaces of the 
raw gypsum and the rehydrated plaster. In the latter instance, the 
technique may be further changed so as to have proportions of both 
raw and calcined gypsum, and in various screen sizes. This operation 
may be controlled to produce a dense aggregate so that when wetted 
it may be pressed into a very hard flooring or block. When this 
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element is set, dried thoroughly, sanded down, and varnished, a very 
beautiful surface is obtained. The wear-resisting properties are not 
as good as a Portland cement floor but it will be satisfactory for resi- 
dences, with or without rugs. Also a more extended use will be found 
in floors on which linoleum, rubber compositions and other shock- 
absorbing coverings are cemented. The method has been applied 
and a very fine product has resulted with granules up to one inch in 
diameter, both with and without raw gr anules embedded therein. 

In the drawings, 1 is the rotary tumbler, 2 the hollow shaft on 
which are mo mar wear-resisting tires 3, and 4 denotes roller bearings 
which support and et the tumbler. 5 are steam-distributing pipes 
connecting hellow shaft 2 with heating tubes 6. 7 are connecting 
pipes like 5 through whic * the condensed steam from heaters 6 returns 
into compartment 8 at the end of shaft 2. The compartment 8 con- 
tains within it the steam-tight partition 9, and dipper 10 which elevates 
the water during rotation of the tumbler and causes it to run out of 
the compartment through pipe 11 and into the steam boiler 12. High- 
pressure steam’ comes from boijer 12 through pipe 13 and enters the 
tumbler shaft 2 by way of pipe 13, and flexible coupling not shown, 
and is delivered into a remote end of the shaft near partition 9. The 
flow direction of the steam is shown by arrows a, and the flow of 
the water formed from condensed steam by arrows }, and it will be 
noted that the steam flows continuously through the shaft and heating 
tubes, condensing enroute, and is drawn off as liquid at 11. In starting 
to operate the unit the steam is passed through and out of the system 
by valve 14, thereby removing all air from the a Around the 
tumbler 1 is a laver of insulating material 15. A door 16 is provided 
to the tumbler which may be of the folding type or any other type 


that may be clamped into place. A valve 17, comprising a poppet 
valve 18 and actuated by a veriheral cam 19 is provided for exhaust- 
ing the steam released from t.e gypsum undergoing calcination. The 
cam linkaves 20 provide meaus for setting the period of release of the 
steam during each rotation of the tumbler and duration of release 
time. Thus by controlled release of the steam evolved from the 
gypsum a hich pressure may be built up within the tumbler and when 
suddenly released has been found to explode the gypsum crystals. 
This feature of the process may account in large degree for the fact 
that the process has given wall plasters from several commercially 
used gypsums which is substantially fifty percent higher in sand- 


carrying capacity than the plaster produced from said gypsums by 
present plants. <A fin 21 is enivilied which extends around the tum- 
bler, and fits into a sliding groove 22 in the chamber 23 that houses 
the t ml er 1, thus preventing the dust from valve 17 tein getting 
into the chamber which surrounds the balance of the tumbler. Inside 
the te er 1 are baffles 24 which cause an end-to-center mixing of 
the gypsum during rotation of the tumbler, and also serve to direct 
all of the charge of gypsum products out of the tumbler when the 
door 16 is opened. On the end of the tumbler is fastened the drive 
gear 25 which, as illustrated, is a sprocket wheel and is powered 
through a chain and small sprocket wheel not shown. 

In Figure 3 is shown a preferred form of my portable plant embody- 
ing all of the aforementioned features of my invention, and in addition 
a crusher 26 which receives run-of-mine gypsum and reduces it to 
gravel or granules, including some dust-size product. The crusher 
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delivers into the elevator 27 and thence into hopper 28 which pref- 
erably holds substantially one tumbler-charge of gypsum granules. 

Also Figure 3 shows a hot chamber 29 into which the calcined 
product drops from tumbler 1. From this chamber the product is 
withdrawn by chute 30 into elevator 27 and thence is delivered by 
deflector, not shown, onto selective screens 31 and into finished prod- 
uct bins 32, 33 and 34. These bins indicate a separation of the prod- 
uct into a dust-size product and two dust-free sizes of granules suited 
to making the above-described heat and sound-insulating products, 
flooring material, ete. 

It is obvious that various changes and modifications may be made 
in the details of steps and quantities of the above specifically described 
embodiments of this invention without departing from the spirit there- 
of, and the method, apparatus and products of the invention include 
all such changes, modifications, substitutions, and equivalents as come 
within the scope of the following appended claims. 

What I claim is: 

1. A calcining device of the class deseribed comprising a rotary 
tumbler mounted for rotation on a hollow shaft; a central steam pipe 
mounted through one end of and concentric with the hollow shaft 
and adapted for connection to a source of steam; a dividing partition 
in said hollow shaft; radial connecting pipes extending outwardly from 
adjacent one end of said shaft; longitudinal heating pipes in said 
tumbler connected to said radial pipes; return flow radial pipes con- 
nected to said shaft adjacent the opposite end and on the opposite 
side of the partition from the first-named radial pipes; condensate 
removal means communicating with said hollow shaft for withdraw- 
ing condensate from the tumbler; means for introducing material to 
be calcined into said tumbler; valve means adapted to periodically 
open and discharge from the tumbler area steam generated therein; 
and means for removing calcined material from said tumbler. 

2. A device as defined in claim 1, including baffle means disposed 
in said tumbler to cause the material to be thoroughly agitated while 
undergoing calcination. 

A calcining device of the class described, comprising a tumbler 
mounted for rotation; means for rotating said tumbler; a plurality of 
heating pipes in said tumbler; means-for introducing steam under 
pressure into said heating pipes; means for withdrawing condensate 
from said pipes; and means for withdrawing calcined material from 
said tumbler. 

A calcining device of the class described comprising a tumbler 
mounted for rotation; means for rotating said tumbler; means com- 
prising a plurality of pipes for introducing steam under pressure into 
said tumbler to heat said tumbler; and means comprising a plurality of 
valves spaced about said tumbler, springs for holding said valves 
closed at times, and mechanism for intermittently opening said valves 
against the action of said springs for intermittently releasing the pres- 
sure of steam which is generated within said tumbler during the 
calcining process. 

A calcining device of the class described comprising a tumbler 
mounted for rotation; means for rotating said tumbler; a plurality of 
heating pipes in said tumbler; means for introducing steam under 
pressure into said heating pipes; means for withdrawing condensate 
from said pipes; and means for intermitter tly releasing the pressure 
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of steam which is generated in said tumbler during the calcining 
process. 
6. A calcining device of the class described comprising a tumbler 
mounted for rotation; means for rotating said tumbler; means com- 
prising a plurality of pipes for introducing steam under pressure into 
said tumbler to heat said tumbler; and means comprising a plurality 
of valves spaced about said tumbler, springs for holding said valves 
closed at times, and mechanism for intermittently opening said valves 
against the action of said springs for intermittently releasing the 
pressure of steam which is generated within said tumbler during the 
calcining process; and a portably mounted support for said tumbler, 
said rotating means, said steam introducing means, said pressure 
varying means, and said pressure releasing means. 
A calcining device of the class described comprising a portably 
mounted platform; a tumbler mounted on said platform for rotation 
thereon; means mounted on said platform for rotating said tumbler 

plurality of heating pipes in said tumbler; means for introducing 
steam under pressure into said heating pipes; mears for withdrawing 
condersate from said pipes; and means for intermittently releasing 
the pressure of steam which is generated in said tumbler during the 
calcining process. 

Lewis C. Karrick. 
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IrHaN Lanp Co., 
Wayne, Pa., September 6, 1952. 
Hon. Joun R. Murpock, 
Chairman, Committee on Interior and Insular Affairs, 
The House Office Building, Washington, D. C. 

Drar Mr. Murpock: With reference to the discussion several 
weeks ago in your office between Mr. Soule, Dr. Karrick, yourself 
and the writer concerning our mutual interest in the promotion of a 
gypsum industry in Arizona, and specifically as this may relate to 
Dr. Karrick’s patented process for the manufacture of material suit- 
able for low-cost Indian housing, ete. 

At Mr. Soule’s suggestion, I am enclosing a schematic diagram of 
a 2-ton portable plant, the details of which plant have already been 
designed. 

This diagram, with very little study, should clearly indicate the 
method of processing and handling the material, from the raw-rock 
stage prior to crushing, to the sacking of the finished product in three 
or more graded sizes as it comes from the screen. 

I would like to point out that this self-contained plant may seem 
a trifle complicated, but it should be borne in mind that the essential 
mechanical equipment had to be encompassed in the rather limited 
space as to width and height on a semitrailer chassis, owing to the 
restrictions of interstate vehicular transportation. A stationary or 
semiportable plant of equal capacity, with no limitations as to ground 
area, would be much more simple and economical to build. 

Trusting that this small contribution may assist in serving your 
cause, and assuring you of my interest in your very deserving enter- 
prise, I am, 

Very truly yours, 


P. B. EckeE.s. 


2$4448— 52 5 
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Unitep Srates DEPARTMENT OF COMMERCE, 
NATIONAL BuREAU OF STANDARDS, 
Washington, June 30, 1949. 


REPORT ON THE COMPRESSIVE STRENGTH OF CALCINED GYPSUM 
AGGREGATE CONCRETE 


I, INTRODUCTION 


Samples of gypsum rock from Virginia and from Nova Scotia were 
crushed, screened, and calcined. The resulting aggregate was placed 
in molds, wetted and compacted to a cohesive mass. 

tx The calcination converted the outside of the pebbles of rock 
gypsum to hemihydrate according to the following reaction: 


heat 
CaSo,.2H,0 —— CaSo,.s5H,0 + 14%H,O 
(gypsum) (hemihydrate) (steam) 


The depth of calcination depended upon the time and temper- 
ature of calcination and the size of the pebbles. By prolonged 
calcination the gypsum pebbles were completely converted to 
hemihydrate. The addition of water to the cooled aggregate 
converted the hemihydrate back to gypsum according to the 
reaction: 





CaSo,.446H,O0-+ 144H,0 »CaSo,.2H.O 
(hemihydrate) (water) (gypsum) 


The wetted aggregate was compacted by vibration or pressure 
soon after wetting. The aggregates were forced into intimate 
contact, became cemented together, and hardened as the hemi- 
hydrate reverted to gypsum. The calcined or partially calcined 
aggregate furnished its own cementing materials. 

The gypsum was furnished by L. C. Karrick who supervised the 
construction of the test specimens. Mr. Karrick also supervised the 
information about the preparation of the aggregate that is given in 
this report. 

The specimens were made and tested at this Bureau. 


Il. AGGREGATE 


The gypsum rock from Virginia and from Nova Scotia was crushed 
and screened. It was calcined at a temperature of 107° to 150° C. for 
periods of 1, 1%, or 2 hours. The resulting aggregate was in the form 
of pebbles which passed a one-half inch sieve and was retained on a 
one-quarter inch (No. 4) sieve. The gradation was said to be as given 
below. 

Gradation of calcined gypsum aggregate 


Weight retainec on sieve size N¢ 


I 


ource of rock 





Virginia __ ? 0 70 0 
Nova Scotia... ¢ 0 60 40 
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Calcination for 2 hours was said to completely change the rock 
to the hemihydrate (CaSo, 4% H,O). Calcination for either 1 or 1% 
hours was said to produce a coating of hemihydrate on the outside 
of the pebbles but left a core of the uncalcined rock in the center of 
the pieces of aggregate. 

The aggregates are designated by letters and numbers indicating 
the source of the rock and the period of calcination. For example, 
aggregate V-1, V—-1.5, and V-2 were Virginia aggregates calcined for 1, 
1%. and 2 hours, respectively. All of the Nova Scotia aggregate 
designated as N-2 was calcined for 2 hours. 


Ill. SPECIMENS 


The specimens included 12 4-inch-diameter cylinders, 3 3}-inch- 
thick prisms, and a wallette. They were made in the interval be- 
tween April 1 and April 7, 1949, and were stored in the laboratory 
until tested. The dimensions of the prism and cylinder specimens, 
the kind of aggregate used in them, and their age when tested are 
listed with other data and are given in table 1. The making of the 
specimens is described below. 

Prisms 

The three prisms were 3.5- by 3.5-inch cross section and were 
about 7 inches high. They were made of aggregate V-2 and were 
formed in two equal lifts. Each lift contained 2.25 pounds of dry 
aggregate. After the aggregate for the first lift was placed in the 
mold about 0.7 pound of water was poured over it. A loose-fitting 
square wood block was then placed in the mold over the aggregate 
and pressure was applied until the height of the aggregate in the mold 
was reduced by 15 percent. The second and top half of the prism 
was immediately placed in the same manner. Since the prisms forms 
were about 7% inches high the finished prism was about 7 inches 
high. The prisms were designated as P—1, P-2, and P-3 


2. Cylinders 


The steel cylinder molds were 4 inches in diameter and 8 inches 
high. A space of one-eighth inch was left open between the bottom 
of the cylinder molds and their supporting base to permit the drainage 
of water from the aggregate. Cylinders C-1 to C-—6, inclusive, were 
cast in two lifts, each containing 2.25 pounds of dry aggregate. After 
the aggregate for the first lift was placed in the mold, the mold was 
immersed in water for about 20 seconds and until bubbles ceased to 
rise from the aggregate. After immersion, water was permitted to 
drain from the mold for 1 minute when a pressure was applied to the 
aggregate until its height in the mold was reduced by 15 percent. 
The second lift for these specimens was placed in a similar manner. 

Cylinders C-7 to C-12, inclusive, were compacted in a different man- 
ner. About 4.5 pounds of dry aggregate was placed in each mold, 
the aggregate bei ‘ing heaped up over the top of the mold. The aggre- 
gate was then shaken into place, until level with the top of the mold, 
by placing an electric vibrator in contact with the outside of the 
mold. The vibrator was of a spud type having a frequency of 14,000 
cycles per minute. After the initial vibration, the molds were im- 
mersed in water for 20 seconds, removed, and allowed to drain for 1 
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minute. They were then vibrated for the second time and until the 
of the aggregate was depressed in the mold a distance of 0.7 inch 
below the top of the mold. 


3. Wallette 


The wallette made of aggregate V-2 was 3% inches thick, 2+ inches 
long, and 22 inches high. It was built in four major lifts, each lift 
containing two horizontal layers. The forms were of wood. A space 
of one-eighth inch was left between the bottom of the form and the 
lower edges of the side forms used for the first lift to permit the drain- 
age of water from the aggregate. A similar space was left between 
the successive form boards, each of which was 5% inches high. 

Each lift was placed as follows: The dry aggregate for each of the 
two layers in a lift weighed 13 pounds. The aggregate for the first 
layer was leveled in the form and wetted slowly with water from a 
one-fourth-inch diameter hose. When the aggregate appeared to be 
thoroughly wetted it was compressed with a lever arrangement ap- 
plied to a board on the top surface of the aggregate until the depth of 
the layer was reduced from about 3% to 2% ine ‘hes. The second layer 
was immediately placed in the same manne r. After a lift was finished, 
an interval of 1 hour elapsed before the next lift was started. Approxi- 
mately 21.2 pounds of water and 104 pounds of V-2 aggregate was used 
in the wallette. 

IV. STRUCTURAL PROPERTIES 


The elastic properties of the prisms and cylinders were determined 
with sonic apparatus at two different ages, the last observations being 
made 1 day before the specimens were tested to failure in compression. 
Young’s modulus, the rigidity modulus and Poisson’s ratio were calcu- 
lated from determinations of flexural and torsional resonant frequencies 
of forced vibration.' The values of the moduli, Poisson’s ratio, and 
the compressive strength are listed in table 2. 


V. CONCLUSIONS 


The data, table 2, show that specimens of different size or shape 
made with somewhat differing techniques but containing like aggre- 
gates showed a wide dispersion in compressive strength. 

While it was indicated that the period of calcination affected the 
compressive strength of the cylinders, it is probable that the method 
or degree of compaction was also an important factor. 

The contents of this report are not to be used for advertising, 
publication, or promotional purposes. 
D. E. Parsons, 
Chief, Building Technology Division 
(For the Director) 





1 See paper by Gerald Pickett, Proc. A. S. T. M., vol. 45, 1945: reprint 47 
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TABLE 1,—Dimensions and physical properties of prisms and cylinders 


{ 





Weight 
Dimensions of ur | Compressive strength tests 
| Dry | Wa-| 29 
anna. ter speci- | | 
cori > men per| eate mine, hn — Zoe 
os ii cubic 
Diam- used | plied} “foot | | Age | Weight 
eter or | Length of con- | Date tested | when | when 
side crete 2 tested | tested 3 
- 
I I Lbs. | Lbs Lhs. | Days Lbs. 
P-1. V-2 0 1.5 / 1.83 109 | Apr. 4,1949 | Apr. 15, 1949 | 11 5. 32 
P-2 V-2 3 7.0 4.5 | 1.83 109 do J ; do Sue ll 5. 37 
P-3 V-2 3. 5 7.0 4.51) 1.83 109 ..do ..do ll 5. 37 
C-1 V-2 4.0) 7.8 4.5 33 107 Apr. 1, 1949 | ..do 14 5. 74 
C-2 V-2 4.0 7.4 4.5 .33 107 |.---.do ‘ do 14 5. 69 
C-3 V-2 4.0 7.3 4.5 33 107 .-.do do 14 | 5. 78 
C4 N-2 4. ( t 4.5 1.0 97 Apr. 5, 1949 do ae 10 5. 25 
C-5 N-2 4.0 7.5 4.5] 1.0 OF. Fee cac Oacncatuutas i Se | 10 | 5.27 
C-6 N-2 4.0 7 4.5] 1.0 97 |-----do AREER” SSR 10 | 5. 22 
C-7 V-1 4.0 7 5.0 6 100 | Apr. 7, 1949 do sell 8 5. 38 
C-8 V-1 4.0) 7.4} 5.0] .6 100 |.-..-do . .do | 8{ 6.31 
C-9_. V-1 4.0 7.4 5.0 .6 ee ..do ced s 5.38 
C-10 V-] 4.0 $44 2O1- .e 100 |_-.--do ee 8 5.37 
C-11 V-1.5 4.0 7.4 5.0 8 100 | do .do al 8 | 5.37 
C-12 V-1.5 4.0 7.5 5.0 8 100 | do = ..do --| 8 5. 42 


j ' 


} 


1 Designation of aggregate. The letters indicate source of rock, V, Virginia; N, Nova Scotia. The ny- 


merals indicate time of calcination in hours. 
2 Average weight for each group of specimens. 
§ Weight when air dry. 
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DEPARTMENT OF COMMERCE, 
NATIONAL BuREAU OF STANDARDS, 
Washington 25, September 8, 1952. 
Subject: Compressive Strength of Masonry Walls. 
Hon. Jonn R. Murpock, 
Chairman, Committee on Interior and Insular A ffairs, 
House of Representatives, Washington, D. C. 

Dear Mr. Murpvock: This letter is being sent to you at the request 
of Mr. George H. Soule, Jr., technical consultant on mining and min- 
erals. Mr. Soule requested information regarding the compressive 
strength of masonry walls in his letter of September 3. 

The compressive strength of brick masonry varies considerably and 
is influenced primarily by the compressive strength of the individual 
units, the compressive strength of the mortar, and the quality of 
workmanship. It will therefore be necessary to qualify the informa- 
tion requested in your letter by describing the masonry unit, the 
mortar, and the workmanship. 

The data on the compressive strengths of masonry walls are given 
below: 


Average compressive strength of brick walls 


| Average compressive strength 
of solid walls 


: } 
aie 2 Compressive | 
Kind of brick strengtn of | . a ~ 
brick . 
Cement-lime | ,,, onite 
mortar Cement mortar 
Lb.jin3 Dh.Jin2 Lh.Jin2 
Chicago 3, 280 | 895 
Detroit __. 3, 40 045 | 1, 145 
Mississippi 3,410 1,300 4 1, 550 
New England 8, 600 1,875 | 2, 855 
COMMITTEE NOTE.—The abbreviation “‘Lb./in.?”’ means ‘‘pounds per square inch.”’ 


These data were obtained with brick walls having completely filled 
vertical joints and smoothly spread horizontal mortar beds. The 
source of these data is Research Paper 108 published in the Journal 
of Research of the National Bureau of Standards, volume 3, October 
1929. 

In regard to the compressive strengths of concrete masonry walls, 
the data given in the paper entitled ‘Tests of Stability of Concrete 
Masonry Walls,’’ Proceedings of ASTM, volume 31, 1931, may be 
cited. The authors state that the compressive strengths of large walls 
of all types varied from 335 to 850 pounds per square inch, and that the 
strength of walls was dependent mainly upon the strength of the 
building units and was little affected by variations in the strength of 
mortar. These conclusions apply to both the “cinder” and ‘“cement”’ 
blocks mentioned in your letter. 

In regard to allowable stresses in masonry, you are referred to the 
American Standard Building Code Requirements for Masonry, a copy 
of which is enclosed. The table given on page 8 of this code, based 
largely on the results of R. P. 108, gives the permissible compressive 
stresses in brick masonry for four types of mortar. Similarly, the 
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permissible stresses in walls of hollow masonry units are given in the 
second table on page 9 of the code. 
I trust that this information may prove helpful to you. 
Very truly yours, 
A.V. ASTIN, Director. 
Enclosure, 


AMERICAN STANDARD CopE REQUIREMENTS FOR MASONRY 


National Bureau of Standards Miscellaneous Publication M 174; Issued March 
15, 1944 (out of print)—Extracts from 
* * * * x * 


SECTION 1. GENERAL 


1-1. Application of Requirements 


(a) Masonry, as defined in this standard, when used in any building 
or structure shall conform to these requirements. 

(6) A material other than one of those specifically named in the 
definition of masonry, which is incombustible and otherwise sufficiently 
embodies the characteristics of one of the materials named, and which 
satisfies the requirements for that material, may be classed by the 
building official with that material which it most closely resembles. 

* * * * * * 


SECTION 2. MATERIALS 


2-1. Solid Masonry Units (Clay or Shale) 


(a) Brick subject to the action of weather or soil, but not subject to 
frost action when permeated with water, shall conform to the require- 
ments for grade MW brick of the Tentative Specifications for Building 
Brick (made from clay or shale), ASTM C 62-41 T. When not sub- 
ject to the action of weather or soil, brick shall conform to the require- 
ments for grade NW brick. 

Notre.—Grade SW of the above specification should be required where 


brick may be subject to temperature below freezing while permeated with 
water. 


In localities where brick conforming in physical properties to the require- 
ments of this specification is not readily obtainable, the use of other brick 
should be permitted if suitable evidence of resistance to weathering is pre- 
sented to building official. 

(6) Other solid masonry units of clay or shale shall meet the require- 
ments for physical properties of brick as specified in Section 2-1. (a). 


2-2. Sand-Lime Brick 


Sand-lime brick subject to the action of weather or soil, but not 
subject to frost action when permeated with water shall conform to 
the requirements for grade MW brick of the American Standard 
Specifications for Sand-Lime Building Brick, ASA A78.1-1942 
(ASTM C 73-39). When not subject to the action of weather or 
soil, sand-lime brick shall conform to the requirements for grade 
NW brick. 

Notre.—Grade SW of the above specification should be required where 


brick may be subject to temperature below freezing while permeated with 
water. 
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2-3. Concrete Brick 

Concrete brick subject to the action of weather or soil shall conform 
to the requirements for grade A brick of the American Standard 
Specifications for Concrete Building Brick, ASA A75.1-1942 (ASTM 
C 55-37). When not subject to the action of weather or soil, con- 
crete brick shall conform to the requirements for grade B brick. 

2-4. Structural Clay Tile 

(a) Structural clay tile subject to the action of weather or soil shall 
conform to the requirements for grade LBX tile of the American 
Standard Specifications for Structural Clay Load-Bearing Wall Tile, 
ASA A74.1-1942 (ASTM C 34-41). 

(b) Structural clay tile used in load-bearing masonry but not sub- 
ject to the action of weather or soil shall conform to the requirements 
for grade LB tile of the above specification. 

(c) Structural clay tile used in interior non-load-bearing masonry 
shall conform to the requirements of the American Standard Specifi- 
cations for Structural Clay Non-Load-Bearing Tile, ASA A76.1-1942 
(ASTM C 56-41). 

2-5. Concrete Masonry Units 

(a) Hollow concrete masonry units used in load-bearing masonry 
or subject to the action of weather or soil shall conform to the require- 
ments of the American Standard Specifications for Hollow Load- 
Bearing Concrete Masonry Units, ASA A79.1-1942 (ASTM C 90-39). 

(6) Hollow concrete masonry units used in non-load-bearing ma- 
sonry not subject to the action of weather or soil shall conform to the 
requirements of the American Standard Specifications for Hollow 
Non-Load-Bearing Concrete Masonry Units, ASA A80.1-1942 
(ASTM C 129-39) 

(c) Solid concrete masonry units shall conform to the requirements 
of the American Standard Specifications for Solid Load-Bearing Con- 
crete Masonry Units, ASA A81.1—-1942 (ASTM C 145-40). 

2-6. Plain Concrete 

(a) Cast-in-place concrete construction, reinforced only for shrink- 
age or temperature changes shall be classed as plain concrete. Plain 
concrete other than concrete fill shall have a minimum compressive 
strength at 28 days of 2,000 psi. 

(6) Portland cement shall conform to the requirements of the Stand- 
ard Specifications for Portland Cement, ASTM C 150-42. 

(c) Natural cement shall conform to the requirements of the Stand- 
ard Specifications for Natural Cement, ASTM C 10-37. 

(d) Concrete aggregates shall conform to the requirements of the 
Standard Specifications for Concrete Aggregates, ASTM C 33-42. 
The maximum size of the aggregateg shall not exceed one-fifth of the 
narrowest dimension between forms of the member for which the 
concrete is to be used, nor 2% inches. 

e) Water used in mixing concrete shall be clean, and free from 
deleterious amounts of acids, alkalis, or organic materials. 


Nove.— Water suitable for drinking purposes is satisfactory. 
2-7. Cast Stone 


_ Cast stone shall conform to the requirements of the Specification for 
Cast Stone, ACI 704-44. 
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2-8. Natural Stone 


Stone for masonry shall be sound and free from loose or friable 
inclusions. It shall have sufficient strength, durability, and resistance 
to impact for the proposed use. 


2-9. Architectural Terra Cotta 

Architectural terra cotta shall have a strong homogeneous body 
and give a sharp metallic, bell-like ring when struck. All units shall 
have the necessary anchor holes and shall be so formed as to engage 
properly with the supporting structure. 
2-10. Glazed Building Units 

Glazed building units shall conform to the requirements of the 
Tentative Specifications for Glazed Building Units ASTM C 126-39 T 
except that the requirements for finish shall not apply to salt-glazed 
building units. 
2-11. Gypsum Tile and Block 

(a) Gypsum partition tile or block shall conform to the requirements 
of the Standard Specifications for Gypsum Partition Tile or Block, 
ASTM C 52-41. 

(6) Gypsum partition tile or block shall not be used in bearing walls 
or in exterior walls, or where subject to continuous dampness. 


2-12. Structural Glass Block 


Glass blocks may be solid or hollow. All mortar bearing surfaces 
of the blocks shall be precoated with a material to improve adhesion 
between mortar and glass. 


2-13. Mortar Materials 


(a) Cementitious materials used in mortars shall conform to the 

requirements of the following applicable standard specifications: 
Quicklime for Structural Purposes, ASTM C 5-26. 
Hydrated Lime for Structural Purposes, ASTM C 6-31. 
Hydraulic Hydrated Lime for Structural Purposes, ASTM C 

141-42. 

Natural Cement, ASTM C 10-37. 
Masonry Cement, Federal Specification SS—C~181b. 
Portland Cement, ASTM C 150-42. 

(6) Aggregate for mortar shall conform to the requirements of the 
Tentative Specifications for Aggregate for Masonry Mortar, ASTM C 
144-42 T. 

Note.— Materials which have been found in practice to cause harmful 
volume changes should not be incorporated in masonry. 

(c) Water used in mixing mortar shall be clean, and free from 
deleterious amounts of acids, alkalis, or organic materials. 


Nore.— Water suitable for drinking purposes is satisfactory. 
2-14. Mortar Requirements 
(a) Mortar as delivered to the mason shall have a flow after suction 
for 1 minute of not less than 65 percent of that immediately before 
suction. The flow shall be determined by the method of the Water 
Retention Test of the Federal Specification for Masonry Cement, 
SS-C-181b. 
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(6) The volume of aggregate in mortar shall be at least two times 
but not more than three times the volume of cementitious material. 


2-15. Classification of Mortar 


(a) Mortar used in masonry construction shall be classified as 
follows: 


Minimum compressive strength of 2-inch cubes at 28 days 


Type— Psi 
A veatnusark : 2, 500 
D3. Jone 600 
cae : ‘ j 200 
D 75 


(6) Unless the strength esihentinn, of the mortar has been other- 
wise established by test as prescribed in section 2-15 (c), mortars of 
the following proportions, with the aggregate measured in a damp 
and loose condition, may be assumed to meet the strength classi- 
fication given in section 2-15 (a). 


Proportions by volume 
erin ‘ sili 
Hydrated lime or lime | Aggregate measured in a damp 


Mortar type Cement 


putty allowable range and loose condition 
j | 
A ; 1 (portland) posal Oto . ....| Not more than 3. 
B 1 (portland) 1 to 144 ‘ Not more than 6, 
es (iesneiliaklces Aelnhaaais om y FStype ll). ...| Not more than 3. 
Cc (portiand 2 to 234._.- erties Not more than 9. 
Cc (masonry FS type I) daca hw cntoeahacaed .| Not more than 2. 
D 0 to 14 (portland) ___- 1 to 1%4 ai Not more than 3 parts for each 
part of cementitious material. 
Notr.—The weights per cubie foot of the materials in mortar are to be considered as follows: 
Portland cement ; ; . 94 pounds 
Masonry cement , . Weight printed on bag 
Hydrated lime : ; Revs 49 pounds 
Sand, damp and loose ne a ....-.. 1 eubic foot contains 80 pounds of dry sand, 


(c) Mortar of materials conforming to the requirements of Section 
2—13, and of any proportions conforming to Section 2-14 (b), may 
qualify as mortar of any one of four types, provided it conforms to the 
physical requirements of Sections 2—14 (a) and 2-15 (a). 

When it is desired to establish the strength classification of a given 
mortar by test, the strength shall be determined with mortar prepared 
in a testing laboratory, of representative materials and in the pro- 
portions proposed for use. The test cubes shall be molded, cured, 
and tested for compressive strength as described in the Federal 
Specification for Masonry Cement, SS—C-—181b, except that for type 
D mortar the entire curing shall be in laboratory air at 70° F 5°. 

2-16. Types of Mortars Required 

Masonry shall be laid in type A, type B, or type C mortar, except 
as follows: 

(a) Type A mortar shall be used in nominal 10-inch cavity walls, 
foundations walls of hollow masonry units, and masonry linings of 
existing masonry walls. 

(6) Type A or type B mortar shall be used in footings, foundation 
oaks of solid masonry units, isolated piers, load-bearing or exterior 
walls of hollow masonry units, hollow walls of masonry, and cavity 
walls exceeding nominal 10-inch thickness. 
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(c) Type D mortar may be used in solid masonry walls, other than 
parapet walls or rubble stone walls, not in contact with the soil and 
not less than 12 inches thick nor more than 35 feet in height, provided 
the walls are laterally supported at intervals not exceeding 12 times 
the wall thickness. 

(d) Gypsum partition tile and block shall be laid in gypsum 
mortar. Nonbearing partitions and fireproofing of structural clay 
tile may be laid in gypsum mortar. Fire brick shall be laid in fire 
clay or air-setting mortar. 

(e) Glass block when laid in mortar shall be laid in type B mortar. 


SECTION 3. ALLOWABLE STRESSES IN MASONRY 


38-1. General 

(a) Every building or structure hereafter erected and all new con- 
struction in the alteration of an existing building or structure shall 
be so designed and constructed that the working stresses prescribed 
in this section are not exceeded. In using these stresses, the effects 
of all loads and conditions of loading and the influence of all forces 
affecting the design and strength of the several parts shall be taken 
into account. 

(b) Higher stresses than herein specified may be used, but only if 
it is clearly established to the satisfaction of the building official, by 
test or other satisfactory evidence, that material of a higher grade or a 
superior workmanship than is generally provided in accepted good 
practice is to be employed under approved inspection. The use of 
higher stresses, however, shall not be allowed until a statement, giving 
the reasons for such permission, together with the facts and cireum- 
stances on which it is based, is placed on file and made a part of the 
official record of the permit. 

3-2. Composite Walls 

In walls or other structural members composed of different kinds 
or grades of units or mortar, the maximum stress shall not exceed the 
allowable stress for the weakest of the combinations of units and 
mortars of which the member is composed. 

38-3. Solid Masonry Units 


The allowable compressive stresses in pounds per square inch of 
gross cross-sectional area in solid masonry of solid units shall not 
exceed the following limits: 


Brick and other solid units of clay or shale; sand-lime or concrete brick 





Average compressive strength of units tested | 
in the position taken in the masonry 





Mortar type 








A B ( D 

Psi } Psi Psi Psi Psi 
8,000-plus - - Pe rane ee Mia wictinig iat n ieetaeee 400 300 200 100 
4,500 to 8,000. . ea dich sdawicrash st 250 200 150 100 
2,500 to 4,500 - - Minttve i DL eitnie, saeel 175 140 110 7 
1,500 to 2,500... _- 125 100 75 50 


Nore.—For allowable stresses in hollow walis of solid units and in cavity walls, see sec. 9, cavity walls 
and hollow walls of solid units. 
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Solid concrete-masonry units 





Mortar type 


irade a 


B. Ros E cae CR OR Iae 125 100 60 





Hollow Masonry Units 
The allowable compressive stresses in pounds per square inch of 
gross cross-sectional area in masonry of hollow units of structural 
clay tile or of hollow concrete masonry units shall not exceed the 
following limits: 


Mortar type 


38-5. Plain Concrete 

The allowable stresses shall not exceed 25 percent for compression, 
and 3 percent for tension in extreme fiber in flexure, of the compressive 
strength of the concrete. When the ratio of height to thickness of 
structural members of plain concrete exceeds 10, the above percentage 
for compression shall be reduced proportionately to 18 percent for a 
ratio of height to thickness of 20. 
3-6. Stone and Cast Stone 

The allowable stresses in compression, in pounds per square inch of 
gross cross-sectional area shall not exceed the following limits: 


Mortar 

Material = — 

A B ( D 

Psi Psi Psi Psi 
Granite, ashl R00 640 500 400 
Limestone, ashlar 500 400 325 250 
Marble, ashiar 500 400 32h 250 
Sandstone, ashlar 400 320 250 160 
Cast stone 400 320 250 160 

Rubble stone 140 100 SO | 


SECTION 4, LATERAL SUPPORT 
4-1. Solid masonry walls, shall be supported at right angles to the 
wall face at intervals not exceeding 20 times the nominal wall thick- 
ness if laid in type A, B, or C mortar, and not exceeding 12 times the 
nomins al wall thickness if laid in type D mortar. 

4 Walls of structural clay tile or hollow concrete masonry units, 
and ies walls of masonry shall be supported at right angles to the 
wall face at intervals not exceeding 18 times the nominal wall thickness. 

4-8. Cavity walls shall be supported at right angles to the wall face 
at intervals not exceeding 14 times the nominal wall thickness. 
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4-4. Lateral support may be obtained by cross walls, piers, or 
buttresses, when the limiting distance is measured horizontally, or by 
floors and roofs when the limiting distance is measured vertically. 
Sufficient bonding or anchorage shall be provided between the walls 
and the supports to resist the assumed wind forte, acting either inward 
or outward. Piers or buttresses relied upon for later: al support shall 
have sufficient strength and stability to transfer the wind force, acting 
in either direction, to the ground. When walls are dependent upon 
floors or roofs for their lateral support, provision shall be made in the 
building to transfer the lateral forces to the ground. 

4-5. Except for window-paneled backs, and permissible chases and 
recesses, walls shall not vary in thickness between their lateral sup- 
ports. When a change in thickness, due to minimum thickness 
requirements, occurs between floor levels, the greater thickness shall 
be carried up to the higher floor level. 


SECTION 5, SOLID MASONRY WALLS 


5-1, Thickness of Solid Masonry Bearing Walls 

(a) The thickness of solid masonry bearing walls shall be sufficient 
at all points to keep the combined stresses due to live, dead, and other 
loads for ee the building is designed within the limits prescribed 
by Section 3, Allowable Stresses in Masonry. 

(b) Exe et as otherwise provided in this section, the minimum 
nominal thickness of solid masonry bearing walls shall be 12 inches 
for the uppermost 35 feet of their height, and shall be increased 4 
inches for each successive 35 feet or fraction thereof, measured down- 
ward from the top of the wall. 

(c) Where solid masonry bearing walls are stiffened at distances 
not greater than 12 feet apart by cross walls, or by internal or external 
offsets or returns at least 2 feet deep, or by reinforced concrete floors, 
they may be of 12-inch nominal thickness for the uppermost 70 feet, 
measured downward from the top of the wall, and shall be increased 
4 _ re in thickness for each successive 70 feet or fraction thereof. 

) In buildings not more than three stories in height, solid masonry 
- aring walls of the top story may be of 8-inch nominal thickness 
when the total height of the wall does not exceed 35 feet, provided 
that such 8-inch walls do not exceed 12 feet in he ight and that the 
roof beams are horizontal. 

In residential buildings not more than three stories in height, 
solid masonry bearing walls may be of 8-inch nominal thickness when 
not over 35 feet in height. Such walls in one-story single-family 
dwellings, and 1-story private garages, may be of 6-inch nominal 
thickness when not over 9 feet in height, provided that when gable 
construction is used an additional 6 feet is permitted to the peak of 
the gable. 

(f) Solid masonry walls above roof level, 12 feet or less in height, 
enclosing stairways, elevator shafts, penthouses, or bulkheads may be 
of 8-inch nominal thie ‘kness and may be considered as neither increas- 
ing the height nor requiring any increase in the thickness of the wall 
below, provided the requirements for allowable stresses are met. 

Notre.—For requirements for lateral support, see Section 4, Lateral 

Support; for hollow walls, see Section 9, Cavity Walls and Hollow Walls 


of Solid Units; for veneered walls, see Section 10, Veneered Walls; for faced 
walls, see Section 11, Faced W alls. 
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5-2. Thickness of Solid Masonry Nonbearing Walls 


v 


Nonbearing walls of solid masonry may be 4 inches less in thickness 
than required for bearing walls, but the nominal thickness shall be 
not less than 8 inches except where 6-inch walls are specifically per- 
mitted. 


Nore.—For requirements for lateral support, see Section 4, Lateral 
Support. 


6-3. Bond 


The facing and backing of solid masonry walls shall be bonded 
either with at least one full header course in each seven courses, or 
with at least one full-length header in each 1.5 square feet of wall 
surface. The distance between adjacent full-length headers shall not 
exceed 20 inches either vertically or horizontally. In solid brick walls 
of more than 8-inch nominal thickness, the inner joints of header 
courses shall be covered with another header course which shall break 
joints with the course below. 

* * * + * * 


SECTION 9. CAVITY WALLS AND HOLLOW WALLS OF SOLID UNITS 


9-1. Allowable Stresses 

In cavity walls and in hollow walls of solid masonry units, the 
compressive stresses in psi of gross cross-sectional area shall not 
exceed the following: 


Psi 

Solid masonry units with mortar A si So re 125 
Solid masonry units with mortar B- _-. dh 100 
Hollow masonry units with mortar A 60 
Hollow masonry units with mortar B : ‘ 50 
Plain concrete ; ate eae 300 
Norr.—See Section 3-2 for composite walls and Section 2-16 for types of 


mortar permitted in cavity walls. 

9-2. Height 

{xcept as otherwise limited by Section 9-3 (a), cavity walls and 
hollow walls of solid masonry units shall not exceed 35 feet in height. 
9-3. Thickness 

(a) Cavity walls and hollow walls of solid masonry units shall be 
not less in thickness than required for solid masonry walls in Section 5, 
Solid Masonry Walls, provided that 10-inch cavity walls shall not 
exceed 25 feet in height. 

(6) In cavity walls neither the facing nor backing shall be less than 
3% inches in nominal thickness, and the cavity shall be not less than 
2 inches nor more than 3 inches in width. 


Norre.—For requirements for lateral support, see Section 4, Lateral 
Support. 


9-4. Bond 


(a) In hollow walls of solid masonry units, the facing and backing 
shall be securely tied together with headers or bonding units, as 
required for solid masonry walls in Section 5-3 so that the parts of 
the wall will exert common action under the load. 

(6) Where such walls are decreased in thickness, a course of solid 
masonry shall be interposed between the wall below and the thinner 
wall above. 
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(c) In cavity walls the facing and backing shall be securely tied 
together with suitable bonding ties of adequate strength. A steel 
rod %. inch in diameter or a metal tie of equivalent stiffness coated 
with a noncorroding metal or other approved protective coating shall 
be used for each 3 square feet of wall surface. Where hollow masonry 
units are laid with the cells vertical, rectangular ties shall be used; 
in other walls the ends of ties shall be bent to 90-degree angles to 
provide hooks not less than 2 inches long. Ties shall be embedded in 
horizontal joints of the facing and backing. Additional bonding ties 
shall be provided at all openings, spaced not more than 3 feet apart 
around the perimeter and within 12 inches of the opening. Cavity 
walls of plain concrete shall be reinforced as provided in Section 7, 
Solid Walls of Plain Concrete. 

Drainage 

In cavity walls the cavity shall be kept clear of mortar droppings 
during construction. Approved flashing shall be installed and ade- 
quate drainage provided to keep dampness away from the backing. 


* * * * * * * 
SECTION 12. FOUNDATION WALLS 


12-1. Foundation walls shall be of sufficient strength and thickness 
to resist lateral pressures from adjacent earth and to support their 
vertical loads without exceeding the stresses specified in Section 3, 
Allowable Stresses in Masonry ; provided, that in no case shall their 
thickness be less than the walls immediately above them, except as 
provide d in Section 12-3 

12-2. Foundation w alls shall be of not less than 12-inch nominal 
minimum thickness, except as follows: 

(a) Solid masonry walls reinforced with at least one *-inch round 
deformed bar, continuous from footing to top of foundation wall, for 
each 2 feet of length of the wall, may be of 8-inch nominal thickness. 

(b) Solid foundation walls of solid masonry units or of coursed 
stone that do not extend more than 5 feet below the adjacent finished 
ground level, and hollow walls of masonry and walls of hollow units 
that do not exte nd more than 4 feet below the adjacent finished ground 
level, may be 8 inches in nominal minimum thickness. These depths 
may be increased to a maximum of 7 feet with the approval of the 
building official when he is satisfied that soil conditions warrant such 
increase. The total height of the foundation wall and the wall sup- 
ported shall not exceed that permitted by these requirements for 8-inch 
walls. 

(c) Foundation walls of rubble stone shall be at least 16 inches 
thick. Rough or random rubble without bonding or level beds shall 
not be used as foundations for walls exceeding 35 feet in height, nor 
shall coursed bonded rubble walls be used as foundations for walls 
exceeding 50 feet in height. 

(7) Foundation walls of cast-in-place concrete shall be at least 8 
inches thick; provided that when supporting one-story structures, and 
the area within the foundation walls is not excavated, they may be 6 
inches thick if the total height of the foundation wall and the wall 
supported is within the allowable height of 6-inch walls. 

12-8. Foundation walls of 8-inch nominal thickness and conforming 
to the provisions of this section may be used as foundations for single- 
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family dwellings with walls of brick veneer on frame walls, or with 
nominal 10-inch cavity walls, provided that the dwelling is not more 
than 1% stories in height and the total height of the wall, including the 
gable, is not more than 20 feet. Foundation walls of 8-inch nominal 
thickness supporting brick veneer or cavity walls shall be corbelled 
with solid units to provide a bearing the full thickness of the wall 
above. The total projection shall not exceed 2 inches with individual 
corbels projecting not more than one-third the height of the unit. 
The top corbel course shall be not higher than the bottom of floor 
joists and shall be a full header course. 

12-4. Foundation walls shall extend below the level of frost action. 





GypsuM—PropertigEes, DEFINITIONS, AND Usss 
National Bureau of Standards Circular No. 108, January 3, 1921 


Out of Print) —Extracts from 
1. INTRODUCTION 


The present generation has seen the rapid development of the 
gypsum industry to a place of permanence and importance in the 
building trade. Plaster of Paris and hard wall plaster are gypsum 
products with which the public is quite familiar, and many new uses 
for gypsum products, other than as a building material, have been 
discovered. Gypsum has several valuable properties which are not 
possessed by any other material. It is therefore adapted to a large 
variety of uses, not all of which have as yet been commercially devel- 

yped. In order to take advantage of this opportunity for the expan- 
on of the industry, it is well first to have a knowledge of the different 
kinds of gypsum products now on the market. Particularly should 
their names be studied, for the rapid growth of the industry has 
brought about a confusion of trade terms, which very possibly affects 
the consumption of the materials. There is a natural reticence about 
buying or using a material the name of which is not thoroughly 
established and understood. An explanation of the nomenclature in 
present use may have the further function of helping to establish 
definite meanings for the terms. 


2. GYPSUM 
(a) Occurrence and properties 


Gypsum is a rock, which usually occurs bedded in the ground in 
the same way as limestone or any other of our sedimentary rocks. 
Pure ¢ypsum is pure white in color and has a translucent sheen. It 
is apt, however, to be colored by small amounts of certain impurities, 
particularly iron. Its most distinguishing characteristic is its extreme 
softness, for it can be readily scratched with a penknife. Not all 
gypsum is bedded. Sometimes it occurs in pockets or even as boulders 
distributed through a magma of clay or limestone. A variety of 
gypsum, which may be regarded as highly consolidated, so that the 
crystals have disappeared and the mass has become translucent, is 
known as alabaster. Gypsite is another variety, which has not been 
consolidated, but occurs in loose form, frequently mixed with con- 
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siderable amounts of dirt. Gypsite, gypsum, and alabaster bear a 
relation to each other which is analogous to the relation between marl, 
limestone, and marble. 

Gypsum is a very common mineral. Large deposits of it occur in 
many localities throughout the United States. It is mined chiefly in 
New York, Iowa, Michigan, Ohio, and Texas. Many other States 
produce smaller amounts, and there are a number of known deposits 
which have not yet been commercially developed. A large part of 
the gypsum used on the Atlantic seaboard is mined in Nova Scotia. 
Gypsite is mined in Kansas and Oklahoma. Alabaster is not produced 
in the United States 

Chemically, evpsum is a hydrated sulphate of calcium. The lime 
and the sulphuric acid are combined in exact equivalents, so that the 
product is neither acid nor basic, but neutral. The pure material 
consists, approximately, of 32.6 percent lime, 46.5 percent sulphuric 
anhydride, and 20.9 percent water. Anhvydrite is another material 
which is of similar, but not identical, composition and which is fre- 
quently found associated with gypsum. It is simply calcium sulphate 
without any water. 


* * * * * * * 
3. CALCINED GYPSUM 


Most gypsum is calcined before it is put on the market. The 
process of calcination may be defined as the heating of the gypsum 
under definite conditions to produce a definite material. 

(a) Manufacture 

The raw gypsum is first crushed, then dried if necessary, and finally 
ground to a fine powder before it is fed into the caleiming kettles. 
These kettles are aptly described by their name. They are made of 

put ; 7 
iron, and come in various sizes, holding from 2 to 20 tons. Each 
kettle is provided with a paddle which rotates on a vertical shaft and 
keeps the mass stired up. The kettle is set in brickwork and heated 
by direct fire. A few rotary calciners now in use. These are quite 
similar to the rotary kilns used in making Portland cement and lime. 
If a rotary calciner is used, the gypsum is crushed to about three- 
fourths inch before calcination, but is not finely ground until after- 
wards; otherwise there would be too much dust carried up the stack. 

It was noted above that pure gypsum contains about 20.9 percent 
water. This water is held in chemical combination, so that the ma- 
terial is normally dry, but the water can be driven off by heat. As 
the steam escapes from the kettle, it tends to carry the powered 
gypsum up with it. The whole mass fluffs up and appears to boil. 
Eventually this violent action ceases, and the mass settles down in 
the kettle to about its original volume. The material in the kettle 
at this point is known as ‘calcined gypsum,’’ sometimes called ‘‘first- 
settle stucco.” 

(6) Properties 


“Calcined gypsum,” then, is gypsum from which part of the water 
has been removed by heat. Theoretically, this water is given off at 
107° C. Practically a slightly higher temperature is used. It takes 
about an hour to calcine a kettle full of gypsum to “first settle.” The 
chemical reaction involved is: 2(CaSO,.2H,O) + heat =2CaSO,.H,O+ 
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3H,O. Calcined gypsum is therefore 2CaSO,.H,0, or, as it is more 
usually written, CaSO,.4H,O. From this formula it is frequently 
called the “hemihydrate.”’ Calcination reduces the water content 
from 20.9 percent to 6.2 percent and the proportions of the lime and 
sulphuric anhydride are thereby raised to 38.6 percent and 55.2 per- 
cent, respectively. 

Calcined gypsum has many peculiar and valuable properties. When 
mixed with water to form a plastic mass, it sets or hardens. This 
set can be easily regulated to take place in any desired time. The 
setting is accompanied by expansion, which property is of great 
value in making casts or molds. The set material is nearly as strong 
as Portland cement, and yet is soft enough so that it can be readily 
tooled. Its porosity and consequent ability to absorb water is im- 
ae when it is used for making pottery molds. Its ability to set 
vefore it dries is the property which makes it valuable as a gaging 
plaster. 


(c) Commercial forms and uses 


Calcined gypsum is probably best known to the general public as 
“plaster of Paris,’ but it is sold under a great variety of names, de- 
pending upon the purpose for which it is to be used. Thus “dental 
plaster” is used for making the plaster decorations with which ceilings 
and walls.are sometimes embellished. If the material is used in making 
plaster casts, statuary, etc., it is called “casting plaster.’’ Under the 
name of “potters’ plaster” it is used for making molds in which 
terra-cotta, porcelain vases, and other clay products are molded. 
It is used by the plasterer to mix with lime putty for the “‘white coat’’ 
of plaster, in which case it is called “gaging plaster.” All of these 
materials are essentially calemed gypsum, differing from each other 
chiefly in the extent to which the time of set has been regulated. 

It is unfortunate that such a confusion of nomenclature has come 
into common use. This is particularly true because there is a tendency 
now to acknowledge that all of the above names are incorrect. The 
word “stucco” has been defined by architects and builders to mean a 
material which is applied in a plastic condition to form that surface of 
a wali which is exposed to the weather, and which will harden or 
“set”? on exposure. This definition is in contradistinction to the 
word ‘‘plaster,’’ which is the same kind of material, but which is used 
only on interior walls and ceilings. The material which the gypsum 
man calls stucco could never be used to make stucco in the way in 
which the architect understands the word. Nor is the material in any 
sense a plaster except possibly that small amount of it which is used 
as gaging plaster. The gypsum manufacturers have been broad 
enough to see this difficulty and to adopt severe means to meet it. 
They have decided to drop all of the names above, and to call this 
material simply “calcined gypsum.”’ Such action is worthy of com- 
mendation and support. Of course, such radical changes cannot be 
brought about by legislation, so that it is hardly likely that this 
generation will be able to declare the old terms obsolete. 

Many of the minor uses of calcined gypsum have been designated 
above in the paragraph on nomenclature. Next in commercial im- 
portance to its structural uses is its use as a retarder for Portland 
cement. For this purpose, however, much more gypsum is sold raw 
than calcined. In the manufacture of plate glass, the glass is bedded 
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in gypsum to hold it while grinding the surface. Calsomine, or cold- 
water paint, is a mixture of calcined gypsum and specially prepared 
glue, with or without pigments. 


4. HARDENING OF CALCINED GYPSUM 


When calcined gypsum sets, it first dissolves in the mixing water. 
It then combines with the same amount of water that was driven off 
during the calcination process, and thereby forms a compound which is 
identical with raw gypsum rock. This raw gypsum, being less soluble 
than the calcined form, crystallizes out of solution, the crystals inter- 
locking with each other and giving strength to the mass. Since it 
requires heat to calcine gypsum, it follows that the change back from 
the calcined to the original form is accompanied by an evolution 
of heat. 

The normal time of set is from 5 to 10 minutes; that is, the mass 
will become hard in 5 or 10 minutes after the calcined gypsum is 
mixed with the water. The final setting may be hastened by any 
means which will aid crystallization. Usually acceleration is accom- 
plished by adding a few crystals of set gypsum to the material. These 
form nuclei for the crystallization of the rest of the mass, and thereby 
hasten the reaction. Dental plasters are frequently accelerated so 
that they will set in one or two minutes. Conversely, any material 
which tends to prevent crystallization will retard the final setting. 
It has been fourid that colloidal substances are very effective for this 
purpose. The retarder generally used is a byproduct of the tanning 
industry, similar to glue. Some ready-mixed wall plasters are retarded 
to set in not less than 6 hours. 

Evidently, the time of set of calcined gypsum can easily be controlled 
to suit the purpose for which it is to be used. This .s a distinctive 
property of this material, and a very valuable one. Accelerators and 
retarders apparently have little effect on the rate of setting; they 
merely change the time at which the reaction begins. Judging from 
the evolution of heat, the reaction in all cases seems to be complete 
in about half an hour from the time it begins. After the crystalliza- 
tion is complete, further time cannot be expected to show further 
change. Maximum strength is developed immediately upon the com- 
pletion of the set. Of course, freshly set gypsum contains a great 
deal of excess water, and, in common with all similar materials, it is 
weak on this account. Drying may be accomplished quickly, however, 
so that an object made of gypsum can be brought to its final strength 
and condition in a few hours after the calcined gypsum is mixed with 
water. It is particularly to be noted that this setting does not depend 
upon exposure; the mixing water furnishes the only ingredient neces- 
sary for its completion. 

The compressive strength of a good sample of set gypsum (when 
tested in the form of a cylinder 2 inches in diameter by 4 inches high) 
is about 2,000 pounds per square inch. Its tensile strength is about 
400 pounds per square inch. The age of the specimen makes no 
difference, provided only that it has had time to set completely, and 
that it is dry. The quantity of water used for mixing the calcined 
gypsum does decidedly affect the strength of the set material. Use 
as little water as possible and still have the mixture workable. 
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5. GYPSUM WALL PLASTERS 


About three-fourths of all the gypsum mined finds its final market 
as wall plaster. The simplest form of gypsum sold for this purpose is 
the straight calcined gypsum, which is used as an addition to lime 
putty for white-coat work. This is sold as “gaging plaster,’’ some- 
times called “stueco,’’ and can be had either unretarded or retarded 
to set in about 20 minutes. 

Calcined gypsum does not work so smoothly under the trowel as 
could be desired. As a concession to the plasterer, therefore, it has 
become common practice to add 10 percent to 15 percent of clay or 
hydrated lime to the material at the mill. The mixture so produced, 
retarded to set in from one to six hours, is the gy psum plaster of 
commerce, which is sometimes termed “hard wall plaster.’ It is also 
sold as ‘‘neat gypsum plaster” in the East and as ‘“‘cement plaster’’ 
in the West. The adjectives ‘‘fibered’ and “unfibered’”’ denote 
whether or not any hair or wood fiber has been added to it. 

Neat gypsum plaster is designed to be used for the scratch and 
brown coats of plaster. For this purpose sand must be added to it 
on the job. For scratch-coat work it is customary to use 1 part of 
1eat plaster by weight to 2 parts of sand; for brown coat the propor- 
tions are 1 to 3. Plaster which the sand has been added at the mill 
is now obtainable. It is known as “gypsum sanded plaster,”’ “‘ready- 
mixed scratch coat,” or “ready-mixed brown coat.” 

Another variety is known as ‘‘wood-fiber plaster.’’ This is neat 
gypsum plaster containing about 1 percent by weight of wood fiber. 
It is designed to be used with or without sand, depending upon the 
nature of the base or background to which it is to be applied. 

Wall plasters and other building materials made of gypsum have a 
remarkable ability to resist fire.’ The reason for this is due to the 
chemically combined water of crystallization, which, as stated, is about 
20 percent by weight. The heat breaks up these crystals and liberates 
the water, the process being slower as the heat penetrates farther into 
the gypsum. As long as there are any water crystals in the gypsum 
to be broken up the material will not warm appreciably above the 
temperature of boiling water. 


6. SECOND-SETTLE CALCINED GYPSUM 


If, instead of emptying the kettle when the material first subsides 
in it, the heating is continued, the former phenomena of ebullition 
and subsidence will be repeated. When the material has settled down 
the second time no further apparent effect can be obtained by further 
heating. This material is known as ‘‘second-settle calcined gypsum,” 
sometimes called ‘“‘second-settle stucco.” 

The reaction involved in this second calcination is expressed by 
the equation 2CaSO,.H,0+heat=2CaSO,+H,O. That is, second- 
settle stucco is anhydrous calcium sulphate, all of the water having 
been driven off by the calcination. This substance is identical in 
chemical composition with the naturally occurring mineral, anhydrite. 
But there is a vast difference in their physical and chemical properties. 
To indicate this distinction, second-settle stucco is frequently called 


1 Gypsum asa Fireproofing Material, by Virgil G. Marani, Journal of the Cleveland Engineering Society; 
November 1914. 
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“soluble anhydrite.”” They both have the same crystal form but 
different optical properties. Both forms react with water, but at 
extremely different rates. It is a matter of weeks before natural 
anhydrite can be made to combine with water to form set gypsum. 
Soluble anhydrite seizes water with avidity. When mixed to a plastic 
condition it sets more rapidly than calcined gypsum (the hemi- 
hydrate). A few minutes exposure to the air suffices for it to absorb 
enough water to revert to the hemihydrate. 

Besides its quicker set, soluble anhydrite has other advantages over 
calcined gypsum. It requires less water to make it plastic, and con- 
sequently makes a harder, denser, stronger set material. Unfortu- 
nately, as noted above, it will not keep. Manufacturers tried to put 
soluble anhydrite on the market, but found that by the time it reached 
the consumer it had largely reverted to calcined gypsum, so that the 
extra expense caused by the second calcination was thrown away. 

Large quantities of second-settle calcined gypsum are made for 
immediate use at the mill in the manufacture of precast gypsum tile 
(plain or reinforced), plaster board, wall board, etc. 

7. FURTHER PRODUCTS OF CALCINATION 

The change from calcined gypsum to soluble anhydrite occurs at 
250 to 300° C. If the heating is prolonged, soluble anhydrite gradu- 
ally changes its physical structure and becomes natural anhydrite. 
This is complete just below a red heat. 

Natural anhydrite will set if given time enough. It is used in 
Europe under the name of “flooring gypsum.” It sets into a very 
dense, hard mass, which makes an admirable floor. The American 
public, however, has not time to wait for it to set, so that it has never 
been put on the market in this country. 


(a) Keene’s cement 


Keene’s cement is a gypsum product which is used for wall plaster. 
It sets more slowly than calcined gypsum, but produces a harder, 
denser surface. The original process for making this material was 
patented, and therefore a matter of public knowledge, but it is be- 
lieved that new secret processes have completely replaced the original 
method. Judging from its composition and behavior, it would seem 
that Keene’s cement is natural anhydrite to which some accelerator 
such as alum or borax has been added. This material can also be 
produced by burning select, ground, white gypsum at high tem- 
peratures. 

Further heating of natural anhydrite to about 1,300° C. will even- 
tually result in its decomposition. Gaseous sulphur trioxide is evolved, 
and lime remains. This reaction finds no commercial use at present. 


8. STRUCTURAL GYPSUM PRODUCTS 


(a) Precast Products 


(1) Gypsum tile-—The quick-setting property of gypsum and its 
high strength make it an ideal material to cast into tiles at the mill. 
These tiles are shipped as such, and laid up to form walls, in the 
same way as brick or stone. Gypsum tiles come in a great variety of 
sizes, to suit all purposes. One size commonly used for building 
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partitions is 12 inches wide by 30 inches long by 3 inches thick. They 
are usually ‘‘cored’’—that is, holes run through them longitudinally— 
although solid tiles can be obtained. These holes are introduced 
principally to make the tiles lighter, thereby reducing the freight 
costs and the labor of handling. The air spaces which they form may 
assist the tile somewhat to resist the transmission of heat. For the 
same reasons, the tiles are usually made of calcined gypsum in which 
is included not more than 5 percent, by weight, of wood fiber. This 
makes them of such a nature that they can be cut with a wood saw. 
Gypsum tiles must be set in gypsum mortar, made of 1 part calcined 
gypsum, by volume, to 2 parts of sand. One tile of the material and 
the dimensions noted above will weight about 30 pounds. When 
laid on edge, the usual method, it can be expected to carry a load of 
1,260 pounds with a large factor of safety. The surface of these tiles 
are usually roughened to form a key for the plaster. 

In the design of precast reinforced gypsum tile, strength rather 
than lightness is the paramount consideration. These tiles do not 
contain any sand or fiber, and are of solid or cored pattern. They are 
made of second-settle calcined gypsum, with as little water as possible, 
so as to develop maximum strength. Tiles of this character are used 
mainly for roof construction, being covered, of course, with standard 
roof coverings to protect them from the weather. While certain 
stock sizes are recognized, it is customary to make the tile to order, 
so that they will fit into the supporting members of the roof. 

* * * * * * * 
(b) Structural Members Cast in Place 

Gypsum structural members, either plain or reinforced, can be cast 
in place in a manner similar to that used for pouring concrete. For 
this purpose, certain peculiarities of the material must be borne in 
mind. The one underlying principle is that maximum strength can 
be attained by getting as much gypsum as possible into a given space. 
A calcined gypsum to which nothing but retarder has been added 
should be used. Sand is purely an adulterant, the use of which may 
or may not be justified by the reduced cost. An excess of water 1s 
particularly bad; use as little as possible and still have the material 
workable. The time of set of calcined gypsum can be regulated at 
will by adding retarder or accelerator in the mixer or mortar box. 
Gypsum will set without drying out. Its maximum strength is attained 
when it is set and dry, and is not dependent upon its age. Intelligent 
use of these three properties enables the contractor to regulate the 
time of set so that he can remove the forms at his own convenience, 
and so that each member will be strong enough to take its full load 
before the superstructure need be erected on it. 


9. PACKAGES AND STORAGE 


Crushed raw gypsum is usually shipped in bulk. The ground 
material for land plaster comes in cotton or burlap bags holding 100 
pounds each. 

The best grades of pure calcined gypsum are shipped in paper-lined 
wooden barrels, which hold from 250 to 320 pounds net. Neat 
gypsum plasters come in burlap bags holding 100 pounds or in paper 
bags holding 80 pounds each. Ready-mixed (sanded) plasters are 
shipped in burlap bags of 100 pounds. 
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Calcined gypsum will absorb water; otherwise it would not set and 
would be of no value. Therefore, when this material must be stored, 
it is necessary to protect it from the weather. It should even be 
protected from dampness if it is to be stored for six months or longer. 
When reasonably protected from moisture, it will keep indefinitely 
and may be considered as being good until used. Cases are on record 
where calcined gypsum stored in tin cans or in paper-lined wooden 
boxes showed no deterioration in 10 years. 


GypsuM AND ANHYDRITE 


Extracts from Bureau of Mines Information Circular No. 7049, by Forrest T. 
Moyer, February 1939. 


INTRODUCTION 


The usefulness of gypsum as a building material has been recog- 
nized from the time of the ancient Egyptians, but only within the 
last 25 years have the distinctive properties that adapt it to a great 
variety of processed products been recognized and widely utilized by 
a progressive industry. 

The occurrence and uses of anhydrite and gypsum are so intimately 
related that the production, processing, and utilization of both 
minerals are discussed in this paper as parts of a single industry, 
which because of the vastly greater importance of gypsum will 
hereafter be termed the gypsum industry. 

* * * * ~ x + 


COMPOSITION AND PROPERTIES 


Gypsum and anhydrite are both calcium sulphate minerals that 
differ chemically only in their water content; gypsum contains com- 
bined water and anhydrite does not. The physical properties, 
although similar, differ sufficiently to provide simple means for 
identification. 

* * * * * * * 


Standard specifications (A. S. T. M. Designation C 22-25) state 
that a material shall not be considered gypsum if it contains less than 
64.5 percent by weight of CaSO,.2H,O. 

Pure gypsum is colorless to white, but various impurities change 
its color to shades of gray, brown, red, or pink. It has a hardness of 
2 in the Mohs scale and can be scratched with the finger nail. The 
specific gravity of pure gypsum is 2.3 to 2.4, so that ‘rock gypsum, 
free from moisture, weighs about 145 pounds per cubic foot. Gypsum 
crystallizes in the ‘monoclinic system in tabular crystals that exhibit 
good cleavage (platy) parallel to the principal plane surface. The 
compressive “strength, as determined by the Bureau of Standards on 
6-inch cubes of Virginia gypsum, is: 

3,224 pounds per square inch when dry and loaded on bed faces. 

2,944 pounds per square inch when wet and loaded on bed 
faces. 

2,617 pounds per square inch when dry and loaded parallel to 
bed faces. 
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Gypsum is slightly soluble in water, soluble in dilute hydrochloric 
acid, and insoluble in sulphuric acid. Its solubility in water is in- 
creased considerably by the presence of sodium or magnesium chlo- 
ride. 

Gypsum is widely useful because of its peculiar property of losing 
three-fourths of the combined water on aie ation of moderate heat 
and its ability, when cooled and made plastic by admixture with 
water, to be spread, cast, or molded to any desired surface or form and 
finally to resume its original state by “setting.” The heating process 
is known as calcining and the resulting product as caleined gypsum. 

Calcined gypsum 

Calcined gypsum, also known as plaster of paris, cement plaster, 
and erroneously “‘stucco,”’ is obtained by heating raw gypsum so as to 
drive off most of the water of crystallization. The quantity of water 
removed, which determines the properties of the product, is governed 
by the fineness and purity of the raw material and by the time and 
temperature of calcination. In commercial practice gypsum is trans- 
formed through the following forms: Between 115° and 125° C. 
(235° and 260° F.), to hemi-hydrate; between 175° and 195° C. (350° 
and 385° F.), to soluble anhydrite; and, roughly, above 200° C. 
(395° F.), to insoluble anhydrite, although there is no definite transi- 
tion temperature for the last change. Hemi-hydrate, the chief con- 
stituent of first-settle plaster, recombines readily with water and 
“sets.”’ Its chemical composition is CaSQ,.1/2H,O (93.8 percent 
CaSO,; 6.2 percent H.O). Soluble anhydrite, the main ingredient in 
second-settle plaster, is an unstable, hygroscopic form with the com- 
position CaSOQ,. It reverts rapidly to the hemi-hydrate. Insoluble 
anhvdrite or dead-burned gypsum (anhydrous calcium sulphate) does 
not recombine readily with water and sets very slowly or not at all. 
Calcination of gypsum to any of the above forms results in a volume 
cern which in hemi-hydrate or first-settle material is approxi- 
mately 16 percent and in soluble anhydrite or second-settle material 
approximately 20 percent. 

First- and second-settle calcined gypsum set in the presence of 
water with evolution of heat and slight expansion. One theory of 
setting is that the unstable hemi-hydrate dissolves in the mixing water 
to produce a supersaturated solution from which the stable hydrated 
gypsum is precipitated in typical needlelike crystals. These crystals 
interfinger as they grow larger and bind themselves together to form 
a solid, relatively hard mass familiar to most people as hard wall 
plaster or set plaster. A second theory has been advanced that the 
hemi-hydrate first forms a gel or adsorption complex with the mixing 
water which is followed by the formation of gypsum crystals from the 
adsorption complex to result in set plaster. The apparent expansion 
during setting is about 0.1 to 0.2 percent. 


* * * a * * * 
DEPOSITS IN THE UNITED STATES 


More is known concerning gypsum than anhydrite because the 
prevalence of gypsum at the surface and its economic uses have led 
to its exploitation. However, the two minerals usually occur inti- 
mately associated in bedded deposits, and with increased cover or 
depth of operations the form of calcium sulphate to be expected is 


tee 








GYPSUM D5 


anhydrite. Recent researches on anhydrite, which is regarded as a 
detrimental impurity in gypsum, indicate that industrial applications 
for the mineral are increasing. 

Gypsum deposits of good quality and commercial size are so wide- 
spread in the United States that the development of a deposit depends 
largely upon the demand for gypsum and gypsum products in the 
immediate region of the particular deposit. 

Arizona 

Gypsum deposits of commercial size and quality occur in Cochise, 
Pima, and Pinal Counties in southeastern Arizona, Navajo County in 
east-central Arizona, and Mohave County in the northwestern corner 
of Arizona. Only a few of the deposits have been developed because 
of the small demand for gypsum products within the market area. 
The only active operation at present is working gypsite and rock 
gypsum near Douglas, Cochise County. Deposits in the Santa Cata- 
lina Mountains, Pima County, and near Winslow, Navajo County, 
have been worked intermittently. 

California 

Gypsite deposits, most of which are small, occur through most of 
the coast ranges of California, particularly south of San Francisco Bay. 
They have been quarried periodically in Fresno, Kern, King, Los 
Angeles, Merced, Riverside, San Benito, and San Bernardino Counties. 

Extensive deposits of rock gypsum are found in Imperial, Inyo, 
Riverside, and San Bernardino Counties. Smaller deposits have been 
worked in Fresno, Orange, Santa Barbara, and Ventura Counties. 
Gypsum beds over 200 feet thick occur in Imperial County north of 
Plaster City and Maria. In Riverside County a belt of steeply dip- 
ping gypsum beds 10 to 100 feet thick extends through the Palen and 
Maria Mountains where they have been worked. In the Avawatz 
Mountains, San Bernardino County, rock gypsum beds up to 10 feet 
thick outcrop over a large area. Near Acme, Inyo County, several 
gypsum beds 6 to 10 feet thick have been worked along outcrops. 


< ‘olorado 


Extensive deposits of rock gypsum are found in the western half 
of Colorado, notably in Larimer, Jefferson, Douglas, El Paso, Pueblo, 
Fremont, Eagle, Pitkin, Garfield, Rio Blanco, Delta, Montrose, San 
Miguel, and Dolores Counties. Gypsite occurrences usually are small 
and are closely associated with outcrops of rock gypsum. Some gyp- 
site has been quarried near Stone City, Pueblo County, and Coaldale, 
Fremont County. Active operations are located on large deposits of 
rock gypsum near Arkins, Larimer County, and Howard, Fremont 
County. 

Recently, alabaster of good quality has been obtained from the rock- 
gypsum beds in Larimer County. The material is dense and compact, 
has a banded or mottled appearance, and takes a high polish. It is 
used for making small, carved art objects. 


Idaho 


Rock-gypsum beds of workable size are reported to outcrop in Wash- 
ington and Bear Lake Counties. Gypsum of good quality is mined 
18 miles southeast of Leadore, Lemhi County. 








56 GYPSUM 
Towa 

A flat-lying gypsum bed of high quality, which is 10 to 30 feet thick 
and underlies a large area near kort Dodge, Webster County, has been 
developed for a long time. Several mud or otherwise impure bands, 
vertical joints, and solution channels are the only irregularities in the 
bed. Near Centerville, Appanoose County, a gypsum bed 10 to 22 
feet thick, lying 550 feet below the surface, was worked from 1917 to 
1935. Anhydrite is a common associate. Because of the depth and 
the large amounts of artesian water the bed was difficult to mine. 


Kansas 


In the vicinity of Blue Rapids, Marshall County, a large area is 
underlain by a nearly flat-lying bed of gypsum 8 to 9 feet thick that 
has been worked extensively. Rock-zypsum beds 5 to 14 feet thick 
have been worked intermittently in southern Dickinson, northern 
Marion, and eastern Saline Counties, where they occur in two distinct 
horizons. In southern Kansas a series of gypsum beds 3 to 25 feet 
thick extends westward from Medicine Lodge, Barber County into 
Comanche County and southward into Oklahoma. The beds are 
easily accessible and have been quarried for a number of years. 

Small deposits of gypsite several acres in extent and up to 18 feet 
thick are found chiefly in the central part of the State. Most of them 
have been worked out. 


Michigan 


Large deposits of rock gypsum occur at many places in a nearly 
continuous belt of strata that outcrop around the coal basin occupying 
the central part of the Southern Peninsula. Areas developed commer- 
cially are in Kent, Iosco, and Arenac Counties. In Kent County a 
series of gypsum beds 6 to 20 feet thick outcrops in a belt from Grand 
Rapids into eastern Ottawa County. Four of the beds have been 
developed extensively by quarrying and underground mining. 

A gypsum bed 18 to 23 feet thick at Alabaster extends over a large 
area in southeastern losco County and northwestern Arenac County. 
Drill holes near Alabaster show five or more gypsum beds 4 to 22 feet 
thick lying below the bed. quarried. Near Turner, Arenac County, a 
bed of commercial thickness lies above the Alabaster quarry bed. 
Gypsum outcrops extensively on the St. Ignace Peninsula and adja- 
cent islands in Mackinac County. 


Montana 


Large deposits of rock gypsum occur in Montana, but they have 
been developed only in Cascade, Fergus, and Carbon Counties. The 
Cascade County deposits are in lenticular beds up to 15 feet thick. 
Gypsum is mined at Heath, Fergus County, from a bed 9 to 14 feet 
thick and near Hanover, in the same county, from beds up to 7 feet 
thick. In Carbon County gypsum beds from 10 to 50 feet thick have 
been explored occasionally. Extensive outcrops of thick gypsum beds 
are reported in Big Horn and Madison Counties. 


Nevada 
Thick beds of exceptionally pure rock gypsum outcrop in the 
western and southern parts of the State. The western area lies in 


Humboldt, Washoe, or Lyon, and Mineral Counties, where the 
gypsum has been developed commercially near Lovelocks, Gerlach, 
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Mound House, Ludwig, and Mason. The beds of this area have 
thicknesses up to 200 feet, have more or less steep dips, and are asso- 
ciated with limestone. The deposits of the southern area, where beds 
up to 300 feet thick are found in Clark and Lincoln Counties, have been 
worked at Arden, Las Vegas, and Moapa. Thick outcrops of gypsum 
are reported in the bluffs of the Virgin River. 

Small deposits of gypsite up to 15 feet thick occur near rock-gypsum 
outcrops but have been utilized only in the Mound City region. 


New York 


Workable beds of rock gypsum outcrop in a belt extending from 
Madison County westward through the intervening counties into 
Canada just north of Buffalo. The belt is 12 miles wide at Syracuse, 
Onondaga County, and 20 miles wide at Seneca Falls, Seneca County, 
and it averages 7 to 10 miles in width through the remaining distance to 
Buffalo. Gypsum deposits vary in quality and quantity throughout 
this area, but deposits of high-grade material (over 90 percent) are 
reported to be limited to several counties in the western section. East- 
ward the gypsum contains increasing amounts of interbedded thin 
shale and limestone bands. The gypsum beds range in thickness from 
an average of 4 or 5 feet in the western part to a maximum of 30 or 
40 feet near Syracuse. The increase in thickness is accompanied by a 
decrease in purity. 

The gypsum beds have a southerly dip of 20 to 50 feet per mile, 
and as the depth of cover increases anhydrite is found. The vertical 
depth to the upper limit of the anhydrite zone ranges from 100 to 200 
feet depending upon the character of the overlying rock. 

At present the gypsum is produced by underground mining in the 
western half of the belt near Akron and Clarence Center in Erie 
County, Alabama and Oakfield in Genesee County, Garbutt and 
Wheatland in Monroe County, and Victor in Ontario County. 


Ohio 


Gypsum deposits have been oe only in the northwestern 
part of the State, in Ottawa and Erie Counties. There are active 
operations near Port Clinton and Gypsum in Ottawa County where 
the gy psum occurs in three beds ranging from 5 to 15 feet in thickness. 
In Erie County near Castalia, a 12-foot bed of gypsum, some of which 
has been classed as alabaster, has been mined intermittently. 
Oklahoma 

Extensive deposits of rock gypsum associated with anhydrite occur 
in three general areas in the western part of the State. The first area 
is a line of gypsum hills, along the Cimarron River, extending from 
Canadien County through Blaine, Major, Woodw ard, Woods, and 
Harper Counties into Kansas. Three beds 3 to 20 feet thick occur 
in these hills. The second area extends as a series of low knolls and 
ridges from Stephens County through Comanche, Grady, Caddo, 
Washita, and Custer Counties into Dewey County. Important de- 
posits lie in Custer and Washita Counties where beds 40 to 60 feet 
thick are traceable for several miles. The third area is in the south- 
west corner of the State in Jackson, Harmon, Greer, and Beckham 
Counties, where five beds 18 to 25 feet thick in places are reported. 
There are active gypsum operations near Ideal, Soutbard, and 
Watonga, Blaine County, and near Eldorado, Jackson County. 
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Gypsite deposits are common in the three described areas, but most 
of them are small except in Jackson County where deposits up to 400 
acres in extent and up to 12 feet in thickness occur. 


South Dakota 


An elliptical outcrop of gypsum-bearing strata extends around the 
Black Hills in the so-called Red Valley formed by the Spearfish 
formation. Beds of commercial quality range up to 30 feet in thick- 
ness, and some are continuous for long distances. The only active 
operation is near Piedmont, Meade County, but formerly gypsum was 
produced near Hot Springs, Rapid City, Black Hawk, and Sturgis. 
Some gypsite deposits, associated with the rock-gypsum outcrops, 
attain workable size. 


Texas 

The three principal gypsum-bearing areas of Texas are: (1) The 
north-cestral part extenditg from Nolan County into Hardeman 
County; (2) the west part in Hudspeth and Culberson Counties; and 
(3) the southern and southeastern parts of the State. The rorth- 
central belt, which outcrops over an area 20 to 50 miles wide and 150 
miles long, is a continuation of the gypsum beds of southwestern 
Oklahoma. It contains a number of gypsum beds up to 60 feet in 
thickness. The beds of Culberson and Hudspeth Counties outcrop 
over large areas and are up to 300 feet thick. In southeastern Texas 
great thicknesses of gypsum have been reported at depth in oil wells. 
In Brooks County near Falfurrias a remarkable deposit of selenite, 
consisting of transparent layers, is said to be over 1,000 feet thick. 

Commercial-grade gypsite deposits are commonly associated with 
the rock-gypsum outcrops. Many of the gypsum plants utilize both 
materials. There are active gypsum operations near Falfurrias in 
Brooks aes: Longworth and Rotan in Fisher County, Sweetwater 
in Nolan Courty, and Acme in Hardeman County. Other plants 
have operated sporadically in all of the gypsum-bearing belts. 


Utah 


Gypsum deposits occur in the certral and southern parts of the 
State. Near Nephi and Levan, Juab County, deposits of massive 
gypsum are 250 to 300 feet thick, and three beds 10 to 50 feet thick 
outcrop almost continuously from Mar ti, Sanpete County, to Sigurd, 
Sevier County. In Emory and Wayne Counties several thick gypsum 
beds are reported to contain alabaster. A gypsum bed 175 feet thick 
outcrops from Iron County into Kane County. Other deposits occur 
in the southern half of the State. Anhydrite is present in the gypsum 
at Nephi and Levan and is reported from. several other localities. 
Active operations are located near Nephi and Levan, Juab County, 
and Sigurd, Sevier County. 

Virginia 

Workable gypsum deposits are found in a narrow belt about 16 
miles long in the valley of the North Fork of Holston River in Wash- 
ington and Smyth Counties. The gypsum occurs as steeply dipping 
large masses or lenses that attain thicknesses of 50 feet. In places 
salt is associated with the gypsum. Anhydrite is usually present. 
Gypsum mines are operated near North Holston, Smyth County, and 
Plasterco, Washington County. 
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Wyoming 

Gypsum deposits are widespread in the eastern half and the central 
and north-central parts of the State. More than 800 miles of gypsum- 
bearing formations are exposed, and throughout this extent gypsum 
beds of commercial grade up to 20 feet thick are generally present. 
Gypsite deposits abound in close association with the rock-gypsum 
outcrops. The only active plant is a gypsite operation near Laramie. 
In the past other plants have worked both gypsite and rock gypsum 
near Laramie, Albany County, and Greybull, Big Horn County. 


Other States 


Formerly gypsum was obtained from extensive deposits in New 
Mexico and from rather limited deposits in Alaska and Oregon. 
Occurrences of possible commercial value are reported in Arkansas, 
Florida, and Louisiana. 


FOREIGN DEPOSITS FROM WHICH CRUDE GYPSUM IS IMPORTED 


Crude gypsum for processing into products is imported into the 
industrial Atlantic Coast States from extensive deposits in the Proy- 
inces of Nova Scotia and New Brunswick, Canada. It is also im- 
ported into California from a deposit on San Marcos Island, Baja 
California, Mexico, and into Arizona from the adjoining State of 
Sonora, Mexico. Imports from Italy consist chiefly of alabaster 
which is quarried in the Communes of Santa Luce and Castellina 
Marittima. 


USES OF GYPSUM 
* + * * * * * 
Caleined 


Gypsum that has been heated enough to be partly dehydrated 
known as calcined gypsum or plaster of paris and has approximately 
the chemical formula CaSO,.4H,O. Standard specifications '° state 
that calcined gypsum, after it is mixed with water and the paste 
allowed to set, shall have a tensile strength of not less than 200 pounds 
per square inch and a compressive strength of not less than 1,000 
pounds per square inch. The product of heating or calcination is also 
commonly called ‘“‘stucco”’ within the gypsum industry, but this is a 
misnomer and should be avoided. Calcined gypsum without further 
preparation has limited use, but when it is ground and minor amounts 
of other substances are added as accelerators, retarders, fillers, and 
binders its uses are varied and extensive and may be divided roughly 
into those for manufacturing and those for building purposes. 

* * * 7 * + a 
Building uses 

The most important uses of calcined gypsum are in the preparation 
of gypsum products for building purposes. Calcined-gypsum prod- 
ucts are noted for their light-weight, fire-resisting, low-heat-conduct- 
ing, sound-proofing, and vermin-proofing qualities. The following 
table lists the results of tests on solid gypsum tile, 6 inches thick 
"18 American Society for Testing Materials, Standard Specifications for Calcined Gypsum (Designation 


C 23-30 
1! Schweim, Henry J., Gypsum Partition Tile: Gypsum Association, 1928, p. 6 
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and 2 feet square, at the Underwriters’ Laboratories, Inc., in 1911 
The temperatures were taken on the unexposed face of the tile at 
definite intervals after the beginning of the test. 


Duration of fire, hours, temperature on unexposed face, ° F 
Furnace temperature, ° F. one Sogn aT eR eee eters 


4 1 14a 2 3 4 
1,000 81 82 92 104 129 | 161 
1,300 80 83 OF 113 146 | 178 
1,600 80 85 100 | 121 | 168 185 
1,900 73 80 100 | 129 | 179 | 189 
2,200 : ; 17 86 | 108 144 | 186 208 
' | 


Modern requirements for rapid building construction and for 
desirable and durable materials have greatly expanded the gypsum 
industry. 

Gypsum plasters —The principal use of calcined gypsum is as a 
plaster for covering interior walls and ceilings of buildings. These 
wallplasters are prepared from calcined gypsum by adding a retarding 
agent to control the time of set and a binder to increase the cohesive- 
ness of the plaster when it is made plastic with water. Wall plasters 
may be classified as neat, wood-fibered, ready-sanded, prepared- 
finish, molding, insulating, and acoustical plasters for interior use and 
as staff or stucco for exterior use. 

Neat-gypsum plasters are also known as cement plasters. They 
consist of calcine 4 gypsum, a fiber such as hair, a retarder, and other 
materials that add plasticity to the plaster. This type is mixed with 
2 or 3 parts by weight of sand at the place of use and applied as the 
scratch and browning coats in plastering practice. Standard speci- 
fications (A. 5S. T. \l. Designation C 28-30) for neat gypsum plaster 
require that not lens than 60.5 percent weight of the cementitious 
material shall be calcined gypsum (CaSO,.4H.O), that the tensile 
strength shall be not less than 150 pounds per square inch, and that 
when mixed with three parts by we ‘ight of testing sand it shall set in 
not less than 8 hours or more than 32 hours. 

Wood-fibered plasters consist of calcined gypsum, wood fiber, 
retarder, and other materials that improve plasticity. They may be 
used with or without an equal weight of admixed sand for the scratch 
and browning plaster coats. This type is intended for use where 
sand is expensive or scarce or where an unusual toughness, light 
weight, oui some flexibility of the finished wall or ceiling is desired. 
Standard specifications (A. S. T. M. Designation C 28- 30) state that 
wood-fibered plasters shall contain not less than 60.5 percent by 
weight of calcined gypsum and not less than 1 percent by weight of 
wood fiber made from a nonstaining wood, that it shall set in not less 
than 1% hours nor more than 8 hours, and that after setting it shall 
have a tensile strength of not less than 125 pounds per square inch. 

Ready-sanded plaster is neat plaster to which the sand is added at 
the mill or mixing plant rather than on the job. It is intended for 
use in localities where suitable sand is expensive or scarce. The 
following standard specifications (A. S. T. M. Designation C 28-30) 
apply to gypsum ready-sanded plaster used for the scratch or first 
coat and for the browning or second coat. 
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St AY behnt in not more than 66.66 75 Percent by weight of sa 
Remajader shall contain not less than. . 60.5 60.5 Percent by weight of calcined 
ty] 
Shabl'9et between 1146 and 7 2and 6 Hours 
A ter setting shall have a tensil» strength | 75 A) Pounds } 
of rot less thar 
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These three classes—neat, wood-fibered, and ready-sanded—may 
be broadly grouped by their uses as base-coat plasters. 

Prepared gypsum finishing plasters are made of calcined gypsum, 
selected for color and specially prepared for use as the final plaster coat. 
Additions of plastic material such as clay or tale improve the working 
qualities. They may or may not be retarded and may require only 
the addition of water to be ready for application. This tvpe of wall 
plaster may be subdivided into trowel-finish, which contains no sand; 
sand-float finish, which contains clean white sand; and gauging 
plasters, which should only be used when mixed with 2 parts by 
weight of dry hydrated lime. Standard specifications (A. S. T. M. 

esignation C 28-30) state that calcined gypsum for use as . finishing 
coat shall be classed in two grades—white and gray, that i shall all 
pass a No. 14 sieve and not less than 60 percent a No. 100 sieve, that 
it shall set when not retarded in 20 to 40 minutes and when retarded 
in not less than 40 minutes or more than 6 hours, and that its tensile 
strength after setting shall be not less than 200 pounds per square 
inch. 

Specially colored gypsum finishing plasters are available to the trade 
in as Many as 13 standard shades. They are prepared by aan 
pigments to the normal plasters. 

Molding plasters for building purposes are intended for use in inte- 
rior embellishments, cornices, moldings, and other ornamental plaster 
work. They are made from specially selected and prepared calcined 
gypsum and are ground much finer than other plasters so that the 
molds or casts will be unusually dense, hard, and durable and will 
present a smooth-finished surface free from pinholes or voids. Stand- 
ard specifications (A.S. T. M. Designation C 59-30) state that gvpsum 
molding plaster shall contain not less than 80 percent by weight of 
calcined gypsum, shall all pass a No. 30 sieve and not less than 90 
percent a No. 100 sieve, shall set in 20 to 40 minutes, and shall have 
a tensile strength after setting of not less than 200 pounds per square 
inch, 

Insulating plasters are specially prepared mixtures of calcined gyp- 
sum with other materials or chemicals that are added for the ir fire- 
resistant qualities or for attaining light weight in the finished product. 

Calcined gypsum mixed with asbestos fibers is used as an insulating 
cover on pipes and boilers. By a patent process certain chemicals 
are mixed with calcined gypsum to make an insulating plaster. When 
water is added these chemicals react and liberate a gas that expands 
the mass to several times its original bulk. As the set of the ploster 
is timed to take place near the period of greatest expansion the result- 
ing mass is porous, light weight, and full of sealed cavities that act as 
insulators. A drv insulation product recently developed and_ sold 
under several trade names is made by passing scrap wallboard or lath 
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through a hammer mill. The product is light and fluffy and is poured 
into the spaces to be insulated. 

Acoustical plasters comprise mixtures of calcined gypsum with either 
chemicals, porous materials, or both. The chemicals react with: the 
water after mixing and form minute interconnected cavities or cells, 
many of which break through to the surface before the plaster sets. 
The sound waves are trapped and absorbed in these small, winding 
passageways. Pumicite or volcanic ash is used as a porous, sound- 
absorbent material in acoustical plasters. It also acts as a trap for 
sound waves. Plasters for acoustical uses are substituted for and 
applied in the same manner as the usual finish plaster coats. 

Staff or stucco is a gypsum plaster mixed with excelsior, manila, 
or other fiber. It is used for the exterior walls of temporary exposi- 
tion or fair buildings. Additions of cement, glycerin, and dextrine to 
the staff yield compositions that fit it for massive statuary or smaller 
art objects and decorative panels. 

Keene’s cement.—As now manufactured in the United States, Keene’s 
cement is prepared from crude gypsum, selected for color and purity, 
by calcination at high temperature (595° C. or 1,100° F.) until all the 
chemically combined water is driven off and the material becomes 
anhydrous. This calcined product is finely ground, and accelerators 
of set, such as potash salts, or alum are added. The finished material 
has unique properties that distinguish it from the ordinary gypsum 
plaster. It will keep indefinitely, can be retempered (made plastic 
again) after the initial set has developed, possesses a high compressive 
and tensile strength, and will take a polish. It is used for hard-finish 
wall plasters, for making imitation marble, and for ornamental plaster 
work. Where high strength is not desired it is mixed with various 
proportions of lime putty “and used for the finishing coat. Standard 
specifications (A. S. T. M. Designation C 61-30) for Keene’s cement 
state that it shall all pass a No. 14 sieve, that not less than 98 percent 
shall pass a No. 40 sieve and not less than 80 percent a No. 100 sieve, 
that it shall set in 1 to 4 hours, that it shall have a tensile strength of 
not less than 450 pounds per square inch, and that it shall contain not 
more than 2 percent of combined water. Keene’s cement was first 
introduced in England where it is made by calcining gypsum to the 
hemihyvdrate or first-settle stage, soaking in a solution of alum or borax, 
recalcining at about 480° C. (900° F.) , and grinding to a fine powder. 
The names Mack’s, Parian, Martin’s, or Magand’s cement are some- 
times applied to products similar to cae cement. These various 
names are used to indicate the different chemicals or solutions used in 
the preparation of the material. 

Estrichgips.—A special type of flooring plaster known as Estrich- 
gips (sometimes termed ‘hydraulic plaster’’) is prepared by calcining 
lump gypsum under oxidizing conditions: to a temperature of about 
900° C. (1,650° F.). At this temperature some of the gypsum is 
decomposed to lime (CaO), which remains in the material, and sulphur 
dioxide (SO*), which passes off. The quantity of lime in the final 
product ranges from 4 to 10 percent. Estrichgrps has a very slow set 
and, with tamping, will form a dense, hard, durable mass that is 
resistant to wear. It is widely used as a flooring plaster in Germany, 
oF so far it has not been used in the United States. 

Calcined gypsum that contains fiber or wood shavings in the approxi- 
mate proportion of 7 to 1 by weight is used for poured-in-place con- 
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struction of floors and roofs of large buildings. The material is mixed 
in mixing boxes and poured on removable wooden forms or on gypsum 
or fiberboard forms which are left in place. The construction is usually 
reinforced with either galvanized welded wire mesh or wire cables. 
The completed floor or roof deck is monolithic and may be covered 
with any type of material. 

Gypsum tiles and blocks —Gypsum tiles and blocks are made i 
various sizes and designs for flooring, roofing, furring, non-load-bear- 
ing partitions, and fireproof covering of columns, beams, and shafts. 
They are light in weight, fire-resistant, and sound- and heat-insulat- 
ing, are readily laid, and can easily be cut with a hand saw. Gypsum 
tiles and blocks may be either solid or hollow (cored). They are 
made by casting a slurry of calcined gypsum, with or without a filler 
or aggregate, into molds on a continuous belt or slowly revolving 
wheel. After the gypsum has set sufficiently, the molds and cores, if 
used, are removed and the tiles passed through a drying machine 
from which they emerge ready for use. Some tiles are reipforced by 
casting the gypsum over metal fabric parallel to the face with rods 
parallel to the edges. 

Roof and floor tiles are available either solid or hollow and in long 
or short spans. They are usually reinforced with metal fabric or rods 
or both and may be laid in place on T-shaped subpurlins or on the 
mair purlins. Gypsum plank 2 to 3 inches thick, reinforced with 
wire mesh and metal tongue-and-groove edges, has been found satis- 
factory in roof and floor construction. 

Partition tiles are obtainable either solid or hollow and in several 
thicknesses ranging from 2 to 8 inches. The usual width and length 
are 12 and 30 inches, respectively. Partition tiles are not reinforced 
and are used only in non-load-bearing walls. Because of their light 
weight and large uniform size, they are easily and quickly laid i 
gypsum mortar to yield an even surface ready for plasterwork. Par- 
tition tiles are widely used for partition, corridor, and fire-division 
walls, elevator and stairway enclosures, column and beam covering, 
and ventilating aid heating ducts. 

Furring tiles are made hollow or solid in 1%- and 2-inch thicknesses 
12 inches wide and 30 inches lorg. They are secured to the wall with 
spikes or built-in wall ties. 

Special gypsum-tile shapes, known as shoe, soffit, or angle tiles, are 
used in combination with 2- or 3-inch hollow partition tiles to form a 
fire-resistar t cover for beams and girders. 

Floor domes are molded hollow boxes or tiles of reinforced gypsum 
used as filler in concrete-floor construction. They effect a consider- 
able saving in deadweight construction and yield a smooth suriace on 
the ceiling below. 

DEVELOPMENT OF DEPOSiTS 


Gypsum and anhydrite occur as bedded deposits with large lateral 
and relatively small vertical dimensions. Anhydrite, which bas lim- 
ited use in the United States, must be treated as ar impurity in a 
gypsum cd posit. Therefore anhydrite deposits will not be considered 
in this section, although they would be amenable to the same con- 
siderations and development methods. As commercial gypsum de- 
posits are widely distributed in the United States several important 
factors should be considered before any development work is done. 
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Studies of the potential market and its area, and the productive 
capacity already in the area are necessary to determine whether the 
production can be assimilated. Ip most sections of the country the 
market for gypsum and its products is limited by the nearness of other 
plants ard by freight rates. Other factors are the location of the 
deposit with respect to transportation and its adaptability to low- 
cost operating methods. 
Prospe cting 
The purity and extent of the deposit should be proved by adequate 
sampling and drilling or trenching so that the available tonnage of 
commercial material may be calculated by multiplying the length, 
width, and thickness in feet by 145 pounds (approximate weight of 
cubic foot of gypsum) and dividing by 2,000. Exploratory drilling 
may be performed satisfactorily by the diamond, churn, or air drill, 
any of which will provide enough information. 
(Quarrying 


The proper method of development (open-cut or underground 
mining) is determined by the thickness and attitude (flat or inclined) 
of the gypsum beds, the type and thickness of overburden, and the 
topography of the region. Open-cut mining or quarrying is preferred 
when the gypsum beds are flat-lying or nearly so and have little or no 
overburden. If the overburden consists of unconsolidated material, 
such as soil or glacial debris, a greater thickness may be removed 
economically than if the overburden is consolidated material, such as 
shale or limestone. This overlying material is removed as far as pos- 
sible by mechanical stripping (dragline or shovel), followed by hand 
stripping to clean out irregularities on the top of the gypsum deposit. 
The overburden is either cast back onto the quarry floor or is hauled 
to refuse dumps. In some operations where the cover is light the 
overburden and gypsum are shot down together and separated on thg 
quarry floor. Holes for primary blasting are drilled by churn or air 
drills the full depth of the bench in a ‘line parallel to and a pre- 
determined distance back of the face. Low-strength dynamite and 
black blasting powder are the explosives generally used. After the 
gypsum is broken loose by the primary blast, block-holing or secondary 
shooting is done to reduce the large blocks to at least one-man size. 
The broken material is then loaded by hand or mechanical means into 
cars for transportation to the mill. 

Gypsite deposits always lie close to the surface and usually have 
little or no overburden. As the material is soft and friable it requires 
no blasting and is worked with power shovel or scraper. 

Mining 

Where the gypsum beds have a heavy overburden or are inclined so 
that operations must be carried beneath an increasing thickness of 
cover, underground methods are usually employed. Underground 
mining is successful only if the roof is strong enough to require a 
minimum of timbering. Mine entries are drifts or adits, slopes, or 
vertical shafts. The room-and-pillar system of mining is common 
practice on horizontal or slightly pitching beds, but steeply pitching 
beds are worked by the drift and shrinkage-stoping methods. About 
75 percent of the gypsum is extracted in the first mining by the room- 
and-pillar method which is generally carried to the property limits 
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before any pillars are pulled. Pillar and roof extraction or second 
mining is carried on the retreat, recovering as much gypsum as 
possible before the unsupported roof caves. Total recovery should be 
about 90 percent. 

Drills are of two types, an electric-powered rotating drill using an 
auger bit and a percussion air drill. According to report under- 
cutting machines are unsatisfactory because the cuttings tend to clog 
the cutter bars. The rock is broken loose with low-strength dynamite 
and loaded into mine cars. In vertical-shaft mines the gypsum is 
raised to the surface by skips, automatic dumping cages or bucket 
elevators. In adit or slope mines it is raised by belt or pan conveyors 
or cable haulage. 


PROCESSING 


Modern preparation of gypsum for manufacture into calcined prod- 
ucts may be divided into the following stages: Crushing and grinding, 
calcining, regrinding, and mixing. These steps and the various types 
of machinery used are outlined on the generalized flow sheet (fig. 1). 
Most of the machinery is standard and is not designed primarily for 
the gypsum industry. The machines especially adapted to gypsum 
processing are the calcining kettles and the feeding and conveying 
equipment for finely ground and calcined gypsum. However, the 
physical character of gypsum varies from place to place, and care must 
be taken to select the most suitable equipment. 

Crushing and grinding 

In recent years crushing and grinding machines have been perfected 
to eliminate secondary crushing. Impact mills, such as the swing- or 
rigid-hammer type, and ring-roller crushers are used successfully where 
run-of-mine rock does not exceed one-man size. These mills reduce 
the run-of-mine material to minus 1% inches or smaller, which is 
suitable-size feed for rotary kilns. Fine-grinding machines have also 
been improved so as to handle larger feed and reduce it to smaller 
size than formerly. Buhr and emery mills, which in the past were 
favorites for fine grinding in the gypsum industry, are rapidly being 
discarded for the more efficient, high-capacity modern mills. Rotary 
crushers or “crackers” similar to the familiar coffee mills which were 
used widely in the industry in the past are also being replaced by 
impact-tvpe mills. 

A combination drying and gririding mill, which is used to some 
extent in certain industries, has been tried in the gypsum industry 
where it appears to have possibilities. This mill, which is directly 
connected with an air separator, utilizes the waste heat from the 

calcining process and dries and grinds the crude gypsum in one opera- 
tion. Further application of the principle of drying and grinding 
in one operation resulted in experimental hammer-type mills in which 
the temperature was raised sufficiently to calcine as well as grind the 
gypsum. Thus one operation would replace four conventional stages 
drying, grinding, calcining, and regrinding. The product of these 
experimental eiieaitibes calcining mills is said to be suitable for many 
of the uses of calcined gypsum made in the usual manner. 

Little trouble is experienced in conveying and elevating crude 
gypsum with standard handling equipment until the fine-grinding 
stage. However, as the finely ground product tends to ‘flood”’ or 
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“gush,’’ screw and drag-chain conveyors installed in close-fitting pipes 
are used to convey and feed the material to the bins or calcining kettles. 
The use of air separators has eliminated the need for some conveying 
equipment in gypsum plants. 
Calcining 

The calcining process, accomplished by kettle or rotary kiln in a 
gypsum plant, is the stage during which part of the water of crystal- 


lization is removed from the raw gypsum and the hemihydrate is 
produced. 
Aging plasters 

Plasters that require a minimum of water for mixing and setting 
are desired for casting, molding, gauging, dental, and orthopedic 
uses. These products are less plastic but more dense than the 
common gypsum plasters, have greater strength, and have a mini- 
mum of voids in the set product. Formerly “second-settle” calcined 
gypsum was used to obtain the desired properties, but in present-day 
practice the same qualities are obtained by aging or treating “first- 
settle’ material. To age calcined gypsum it is only necessary to 
expose the material to air for a period. Artificial aging is accom- 
plished by introducing a predetermined quantity of a chemical salt, 
such as calcium chloride into the kettle during calcining. This proc- 
ess affords close control of the degree of aging and is said to vield 
a more uniformly aged plaster than natural processes. 
Wiring 

Calcined gypsum, as delivered to the mixing hopper, will set 
within 6 to 35 minutes after the addition of water. Thus, to render 
the material suitable for commercial use, certain substances are 
added to regulate the time of set, to act as fillers, and to serve as 
binders while the gypsum is in the plastic state. 


RETARDERS 


Retarders of set are added to calcined gypsum to slow the initial 
set within a desired time range which is determined by the intended 
use. Several substances may be used to prolong the time of initial 
set, the more common of which are glue, starch, slaughterhouse 
tankage, clay, sugar, and gums. Commercial retarder, in general 
use at present, is a colloid prepared by treating hair, leather scraps, 
or refuse from stockyards with lime and caustic soda. Retarders 
are effective by slowing the rate of growth of the gypsum crystals 
as they form from solution, by temporarily taking up part of the 
water and later releasing it, or by decreasing the rate of solubility of 
the hemihydrate in the mixing water. 

The amount of retarder that may be added to calcined gypsum 
ranges up to 15 pounds per ton, depending on climatic conditions and 
the purity and intended use of the calcined gypsum. Casting and 
similar plasters require little or no retarder. Finishing plasters con- 
tain 1 to 3 pounds of retarder per ton, and fibered and unfibered wall 
plasters may contain 4 to 15 pounds per ton. Gypsite plasters, 
because of their high clay content, need only small amounts of retarder. 
In hot climates or in the summer less retarder is required than in 
cold climates or in the winter. 
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ACCELERATORS 


Acceleratars of set are substances that will speed the set of gypsum 
plasters by serving as nuclei for the growth of the gypsum crystals 
or by directly increasing the rate of growth of the crystals. Raw 
gypsum is a powerful accelerator, especially when added to cold 
calcined ,gvypsum,, Gypsum plaster that has been set and later re- 
ground is; widely used, Other common accelerators are potassium 
sulphate, alum, and salt. Casting, molding, dental, and orthopedic 
plasters ustally*redtiré the addition of accelerators. In these plasters 
the accelerator js, added dry at the mill. 

For emergency additions of retarders or accelerators on the job the 
most satisfactiorye methodriS to dissolve the material in the water to 
be mixed with the gypsum plaster. This method insures even dis- 
tribution of the rétardér or accelerator, which is necessary to obtain 
an even set. 

FIBERS 


Hair, wood; asbestos) sisal) omsitrilar vegetable fibers are added to 
gypsum plasters intended? for' base-coat work. They do not increase 
materially the sttetigth> of the finished wall but are of temporary 
benefit in serving as a bindem tocthe plaster while it is in the plastic 
state and preventing flewage) aticwaste of the material back of the 
lath. For this pyrpose 3 to 6 pounds of hair per ton of plaster are 
sufficient. Sisal ‘or other ftbers aré used widely in place of the more 
expensive hair. Between,26)and;50 pounds per ton of soft nonstaining 
wood fibers, suelyias willow Or poplar, are added. The wood fibers 
also serve as a filling agent, increasing the bulk and decreasing the 
weight of the plaster. 

FILLERS 


Granulated cork, wood,shayjngs,, sawdust, etc., are added to the 
calcined gypsum chiefly-to decrease'the weight and improve the heat 
and sound insulating! qualitiescof the finished product. They are 
added to calcined gypsum Intended for manufacture into gypsum 
board and block. The sand added to sanded plaster for the seratch 
and browning coats must be! classed as a filler, although three parts 
of sand may be used foreach part of gypsum plaster. Other material, 
such as clay or tale, may. be added to improve the plasticity of wall 
plasters. 

MIXING 


In the mixing operation-a weighted quantity of calcined gypsum, 
usually 1 ton, is placed Ma hopper built directly over the mixing 
machine. Weighed quantities of retarder or accelerator, fiber, and 
filler are then added to the calcined gypsum, and the contents of the 
hopper are discharged into the mixing compartments. The various 
ingredients are thoroughly mixed by being agitated by two sets of 
paddles attached to two parallel horizontal shafts that rotate rapidly 
in opposite directions. The mixing time should be not less than | 
minute. 

The mixed product is then discharged directly to the packer, where 
it is placed in containers (barrels, cloth sacks, or paper sacks) for 
distribution. For sacking of plasters, cloth or paper sacks of the 
multiwall valve type are used. They are filled by automatic packers 
directly connected with the mixing compartment. 

* » * * - * + 
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